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ABSTRACT
The crystal and molecular structures of four 
compounds have been determined by X-ray diffraction. Red 
crystals of 2,6-bis[1-(2,2-dimethylpropanimino)ethyl]- 
pyridinetetracarbonylmolybdenum(O), Mo(CO)*(Ct»N3H3,), 
are orthorhombic, Pbca, Z=8, a=16.625(6), b=l7.185(3), 
c = 17.438(3) A; R=0.0375 over 317 variables and 1454 
observed reflections. Mo coordination is distorted 
octahedral with the organic ligand bonded to the metal at 
two of three possible Lewis base sites.
Crystals of bis(triphenylphosphine)carbonyl 
(2,2-dicyanoethylidenamino)iridium(I),
Ir(PPh3)2(C0)(C,N3) , are triclinic, Pi, Z=2, a=11.615(9), 
b=12.562(9), c=16.976(12) &, «=91.24(7), 8=99.46(5) , 
7=114.91(6)°; R=0.0473 over 185 parameters and 2383 
observed reflections. One cyano group of the 2,2-dicyano- 
ethylidenamino (TCM) ligand is disordered. On the basis 
of least squares refinement and quantum mechanical 
calculations of several models, it is concluded that the 
TCM anion, when coordinated to Ir, has an excited state 
pyramidal geometry.
Bright yellow crystals of bis(ethylene)- 
(hexamethylbenzene)osmium(O), 0s(C2H 4)2(C6Me6)* are
triclinic, PI, a=7.776(2), b=9.162(3), c=!2.I 13(2) A, 
oc=7I.53(2) , 6=78,72(1) , 7=62.46(2)°; R=0.028 over 209 
variables and 3766 observed reflections. Both the 
ethylene groups and the hexamethylbenzene are ir-complexed 
to Os. The symmetry of the hexamethylbenzene has been 
reduced from D*h to C 2v as a result of dir-pTT* back 
bonding. The deformation parameters of the ethylene 
groups are large indicating strong dTT-pir* back bonding of 
these ligands. ~ ~
Black', lustrous crystals of a new non­
superconducting phase of bis(bis-ethylenedithiatetrathia- 
fulvalenium)diiodoaurate(I), (BEDT-TTF)2AuI2, are 
orthorhombic, Pbcm, Z=4, a=6.799(3), b=14.820(3), 
c=32.836(6) A; R=0.064 over 177 variables and 1638 
observed reflections. Short intermolecular S-S contact 
distances, characteristic of these salts, are observed. 
However, the packing mode in this orthorhombic salt is 
different from that in the superconducting phase.
The crystal structure of another new phase of 
(BEDT-TTF)2AuI2 has been only partially determined due to 
twinning. The present structural model gives R=0.120 over 
1848 reflections in a triclinic lattice, a=5.728(2), 
b=9.045(3), c=16.351(9) A, «=91.91, 6=97.56, 7=103.28°.
Ab initio quantum mechanical calculations have been
xii
carried out on bis-ethylenedithiatetrathiafulvalene (ET) 
and tetramethyltetrathselenafulvalene (TMTSF). Orbital 
coefficients and HOMO density plots are presented as part 







Modern chemistry relies heavily on knowledge of the 
basic structure of materials at the atomic level. By 
determining how atoms are bounded together to form 
molecules, and how molecules pack together in the solid 
state, we can begin to understand the relationship between 
crystal structure and the physical and chemical properties 
of molecules and crystals. This knowledge can further be 
used to synthesize specific molecules to serve useful 
purposes.
Many -spectroscopic methods, such as IR, UV, NMR, and 
ESR are used routinely to determine the nature of bonding.
This work reports the results obtained using the single 
crystal X-ray diffraction technique, one of the most 
powerful tools for quantitative assessment of structure 
and bonding in molecules. In addition, in order to 
understand the basic electronic interactions within 
molecules, ab initio quantum mechanical calculations have 
been carried out on selected models.
The specific purpose of this work was to obtain 
accurate molecular and crystal structure information such 
as bond lengths, bond angles, torsional angles, and inter—  
atomic interactions (contact distances less than or equal 
to the sum of van der Waals radii), for four selected 
compounds. This information has been analyzed to explain 
the bonding and crystalline packing forces in several 
molecules.
The compounds discussed in chapters II, III, and IV 
are transition metal complexes: Mo(CO)4(C4,N3H 3t),
Ir(C,Na)CCO)<PPh,)2 *^C6H6, and Os(C2H«)2<C6Me6).
Compounds similar to these are widely used in homogeneous 
catalysis. In order to understand and inprove the yield 
of these homogeneous catalytic reactions, knowledge of the 
molecular structures of these catalysts and their 
intermediates is essential.
Chapter V and the two appendices deal with the solid 
state structural and electronic properties of organic 
charge-transfer salts, (ET)2X and (TMTSF)2X, where ET is 
bis(ethylenedithiatetrathiafulvalene), TMTSF is 
tetramethyltetraselenafulvalene, and X is a monovalent 
anion. Varying the nature of the anion changes the 
electrical conductivity of these salts; some of them even 
show the onset of superconductivity at low temperature.
All TMTSF salts are iso-structural, whereas the ET salts 
display a variety of crystallographic phases; for a 
specific anion X, several different phases can coexist, 
but among them only the /3-phase shows superconductivity at 
low temperature. Knowledge of the molecular and crystal 
structures of these phases is essential to. understanding 
of the electronic properties of TMTSF and ET salts. The 
results of X-ray diffraction studies of one ET salt, 
(ET)zAu I2, are discussed in chapter V and appendix A. In 
addition, the results of quantum mechanical calculations
4
for neutral TMTSF and ET are presented in chapter V and 
appendix B. These calculations were carried out in 
collaboration with Dr. N. Brener of the LSU Physics 
Department as part of a long term study of the band 
structure of these organic metals.
CHAPTER II 
Crystal Structure of Mo(CO)*(Ct»N3H 3x)
5
INTRODUCTION
Alkanes, which are major constituents of natural gas 
and petroleum, are plentiful enough to be used as 
feedstocks in large-scale chemical processes. Because of 
the high C-H bond energies (typically above 90 Kcal/mole), 
it is difficult to convert alkanes to usefully 
functionalized molecules. However, saturated hydrocarbons 
are not completely unreactive. They can be activated by 
either thermal or photochemical processes and undergo well 
known free-radical reactions1"2 . Usually, these reactions 
require high energy and are very selective: tertiary
hydrogens react more readily than secondary or primary 
hydrogens.
Orthometallation3"4 is a reaction in which a metal 
atom inserts into a C-H bond of an alkyl or aryl group 
attached to a coordinated ligand. These reactions usually 
proceed via intramolecular C-H bond insertion3"6.
However, more recent investigations8"* have shown that 
some organo-transition metal complexes undergo 
intermole,cular oxidative addition to single C-H bonds in 
saturated hydrocarbons.
The 2,6-bis[1-(2,2-dimethylpropanimino)ethyl]pridine- 
tetracarbonylmolybdenum(O) (figure 2-1) was synthesized in 
Professor J. Selbin's laboratory at Louisiana State 
University as part of a systematic program to study
intermolecular insertion reactions. The newly synthesized 
organic ligand in this compound can be either mono-, bi-, 
or tri- dentate. In order to clarify the coordination 
mode of this organic ligand, the title compound was 
studied by the single crystal X-ray diffraction technique. 
This chapter will discuss the detailed crystal structure 
of this compound.
8
Figure 2-1 Stereoview of Mo(CO)*(Cj9N3H3t)
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Red, thin plate-like crystals were kindly provided by 
Professor J. Selbin and S. J. Lu. A fragment measuring 
approximately 0.29 X 0.22 X 0.08 mm was cleaved from a 
larger crystal for data collection. The sample was 
mounted on a glass fiber with the longest dimension 
parallel to the fiber. Diffraction data were collected at 
20°C on an Enraf-Nonius CAD4 computer controlled 
diffractometer with graphite monochromatized Mo Ka 
radiation . (A=0.71073 A).
Program SEARCH10 was used to locate twenty-five 
reflections. From these reflections, an orthorhombic 
lattice was deduced and characterized by program INDEX10.
A rapid survey of 83 high angle (theta between 12° and 
13°) reflections failed to find any strong reflections 
with which to refine the lattice constants. However, 
after scanning a total of 304 reflections in the range 9°
< theta < 10°, another twenty-five strong reflections were 
accurately centered and used in a least-squares process to 
derive more precise lattice constants. The crystal data 
are shown on table 2-1. An additional 154 reflections 
were scanned in order to observe the systematic absences 
(see below).
One-eighth of the reflection sphere was collected:
0£ h:£ 17, 0£ k£ 17, and 0^ 1 £18. During data collection,
reflections 400, 020, and 004 were measured repeatedly to 
detect crystal decay; no crystal decay was detected. 
Reflections (3,7,2) and (-2 ,-7,-4) were checked every 200 
reflections for orientation control. A total of 3236 
reflections was measured, of which 1454 intensities were 
greater than 3<x(I). After all intensity data were 
collected, two reflections ((4,-1,0) and (2,-1,0)), both 
of which have chi angles close to 90°, were measured at 
incremental values of 1-0°. The results were applied ±.o 
an empirical absorption correction. Finally, Lorentz and 
polarization corrections were applied and a set of 
observed structure factors was produced; all data 
reduction calculations were carried out using SDP10.
Program CLASSIFY11 was used to sort intensity data 
into parity groups. All hkO reflections for which h is 
odd are systematically extinct. This indicates that there 
is a glide plane perpendicular to the b axis with 
translation along a. Additional systematic absences were:, 
hOl, l=odd, and Okl, k=odd. These indicate the existence 
of two other glide planes, one perpendicular to c with 
translation along b, and the other perpendicular to a with 
translation along c. From these systematic absences, the 
















yu (cm” 1 ) 5. 44
2 theta 2° - 43°
Min/Max Transmission 92.15/99.79 %
Total Reflections Measured 3236
Reflections with I > 3or(I) 1454
Number of Variables 317
R = 2(||Fo| - |Fc||) / 2|Fo| 0.0375
wR = [ 2 w (|Fo|- |Fc|)2 / 2w|Fo|2 ] 0.0396
Table 2-1 Crystal Data
3 >)
0.08
SOLUTION OF THE STRUCTURE
The structure was solved by the heavy atom method13 
using SHELX7618 on the LSU IBM 3081 computer. The Harker 
planes1* in the Patterson map revealed the molybdenum atom 
position. All non-hydrogen atoms on the organic ligand 
and three carbonyl groups were located by successive 
Fourier difference maps1*. After three cycles of least 
squares the discrepancy factor, R, dropped to 0.119. A 
difference map showed two large peaks that had Mo-peakl
O Odistance of 1.98 A and peak1-peak2 distance of 1.12 A. 
These two peaks were then assigned as the fourth carbonyl 
group. Thus the structure was identified as a metal 
coordinated octahedrally by the bidentate organic iigand 
and four carbonyl groups.
Full-matrix least squares methods18 were used to 
refine the structural model. In the earlier stages of 
refinement, unit weights for all data were used and all 
atoms were refined isotropically. After three cycles the 
R value had dropped to 0.074; then, a weighting function18 
w = (a2(F)+|g|F2)“1, where g is a factor which can be 
refined, was Introduced in the refinements. In addition, 
all non-hydrogen atoms were refined anisotropically.
After three more cycles the residual factors R and wR were 
0.052 and 0.070. Finally, the positions of all hydrogen 
atoms were calculated on the assumption that the atoms to 
which they are bonded had idealized (sp2 or sp3) geometry.
All hydrogen atoms were forced to "ride" on the 
corresponding carbon atoms, so only the isotropic thermal 
parameters of these hydrogens were varied during 
refinement. After nine more cycles, the R and wR values 
dropped to 0.0386 and 0.0413 for 31 I refined parameters.
There is no unique way to define the idealized 
tetrahedral arrangement of hydrogen atoms bonded to C7 and 
CI4 (figure 2-1). Therefore, two other models were 
tested. In model 1, the C7 and CI4 methyl groups were 
treated as "rigid" groups. This model involves an 
idealized sp3 methyl group with three Eulerian angles 
defining its orientation*8. These three angle were 
refined in the least squares refinement. After several 
cycles, R and wR were 0.0375 and 0.0396 for 317 
parameters.
Model 2 was derived as follow: all calculated
hydrogen atoms bonded to C7 and CI4 were removed and then
a Fourier difference map was calculated. Six peaks were
located on the map with reasonable C-H bond distances, ie, 
0about 1.0 A. These hydrogen atoms were then fully refined 
with no restrictions. R and wR values for this model were 
0.0369 and 0.0390 over 1454 reflections and 329 variables. 
The R ratio test17 showed that, statistically (at the 
99.535 confidence level), model 2 was the better model. 
However, in this unconstrained model there were some 
chemically unreasonable short H-H contact distances (from
15
1.45(13) to 1.28(13) A) compared to the regular 
tetrahedral H-H contact distance of 1.76 A. Therefore, on 
the basis of chemical sense, the "rigid" group model was 
chosen as the final model.
The largest shift/e.s.d. was 0.019, and the largest 
peak in the final difference map is 0.26 e/A3 . The 
atomic parameters of all atoms are shown in table 2-2 . 
Anisotropic thermal parameters are listed in table 2-3.
The observed and calculated structure factors are 
presented in table 2-4. The packing diagram is shown in 
figure 2-2 .
16




ATOM X Y Z U
MO 16031(5) 12303(4) 12218(4) 436(3)*
N ( 1 ) 502(5) 451(4) 1405(4) 45(3)*
N (2) 1785(5) 138(4) 512(4) 46(3)*
N (3) -641(5) 1839(5) 1893(5) 66(4)*
0(21 ) 956(5) 2218(4) -188(5) 93(4)*
0(31 ) 2392(5) 737(5) 2801(5) 82(4)*
0(41 ) 1233(4) 2737(4) 2148(4) 78(3)*
0(51 ) 3215(4) 2072(4) 885(4) 73(3)*
C (21 ) 1156(6) 1823(6) 302(6) 55(4)*
C (31 ) 2096(7) 857(6) 2224(7) 52(4)*
C(4i y 1345(6) 2170(6) 1804-(6) 58(5)*
C (5 1 ) 2611(7) 1748(5) 1001(5) 55(5)*
C( 1 ) -122(7) 573(6) 1885(6) 47(4)*
C (2) -698(7) 26(7) 2008(6) 68(5)*
C(3) -665(8) -695(7) 1653(7) 78(6)*
C(4) -30(7) -824(6) 1155(7) 63(4)*
C (5) 533(6) -248(5) 1024(6) 49(4)*
C (6) -227(6) 1360(6) 2257(5) 51(4)*
C (7) 112(8) 1420(7) 3071(6) 74(5)*
C (8 ) -846(8) 2586(6) 2259(6) 72(5)*
C(9) -1271(7) 3116(6) 1704(7) 69(5)*
C( 10) -1469(9) 3886(7) 2104(7) 99(6)*
C( 1 1 ) -2066(8) 2742(7) 1420(9) 105(7)*
C( 12) -744(9) 3275(8) 1006(7) 96(7)*
C( 13) 1203(7) -365(5) 489(5) 47(4)*
C( 14) 1128(8) -1048(5) -53(6) 69(5)*
C( 15) 2480(6) 54(5) -2 (6) 50(4)*
C( 16) 3200(6) -418(6) 330(6) 55(4)*
C( 17) 2937(8) - 1200(8) 622(10) 110(7)*
C( 18) 3762(8) -554(9) -342(7) 101(6)*
C ( 1 9) 3608(8) 3(9) 941(9) 128(8)*
Atomic Positional Parameters x 1 0**4
(Mo x 10**5; H x 10**4)
Isotropic Temperature Factors x 10**3 
(Mo x 10**4; H x 10**2)
* Equivalent Isotropic Temperature Factor
International Tables For X-ray Crystallographys 
Vol. 4, 316
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ATOM U 1 1 U22 U33
M0 466(5) 343(5) 499(4)N ( 1 ) 44(6) 41 (5) 50(6)N (2) 45(6) 45(5) 48(5)N(3) 71 (7) 61 (6) 65(7)0(21 ) 120(8) 69(6) 90(7)0(31 ) 73(6) 97(7) 75(6)0(41 ) 97(7) 48(4) 90(6)0(51 ) 57(6) 69(5) 93(6)C (21 ) 58(8) 43(7) 65(8)C(31 ) 48(8) 40(6) 68(8 )C(41 ) 57(9) 54(7) 63(8)C(51 ) 61 (8) 50(7) 54(8)C( 1 ) 38(8) 55(7) 48(7)
C (2) 57(9) 77(9) 70(9)
C(3) 68(10) 62(9) 103(10)
C(4) 50(8) 50(6) 88(9)
C(5) 47(8) 34(6) 67(8)
C(6 ) 51 (7) 56(7) 46(6)
C(7) 89(10) 79(10) 56(8)
C (8 ) 88(10) 68(8 ) 59(9)
C (9) 77(10) 53(7) 75(9)
C( 10) 123(13) 86(9) 88(9)
All Parameters x 10**3 (Mo x 10**4) 
Table 2—3 Anisotropic Parameters
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U23 U 13 U I 2
-5C10) -24C13) 22C8)1 C9) 23C10) 13C9)-2C5) -10C6) 6 C6)-26C6) -13C7) —5C7)
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Table 2-4 Observed and Calculated Structure 
Factors
H K L tOFO 1OFC H K L 10FO 1 OFC H
2 0 0 917 -881 8 5 0 938 945 04 0 0 2848-2719 10 5 0 420 -414 26 0 0 1521 1497 14 5 0 559 573 410 0 0 1153-1192 6 6 0 270 -229 612 0 0 1000 999 8 6 0 224 -243 82 1 0 1501-1446 10 6 0 435 -434 104 1 0 1626 1610 2 7 0 1542 1554 126 1 0 1389 1295 4 7 0 861 -882 28 1 0 1098-1063 8 7 0 827 844 610 1 0 268 208 10 7 0 381 -374 8
12 1 0 348 388 12 7 0 584 -606 414 1 0 480 -493 14 7 0 502 548 20 2 0 1084 1107 0 8 0 1647 1666 44 2 0 1181 1222 2 8 0 1049--1036 86 2 0 315 334 4 8 0 1313--1287 08 2 0 206 -190 6 8 0 1799 1819 210 2 0 518 -498 8 8 0 419 -385 62 3 0 2098-2038 10 8 0 827 -815 24 3 0 2487 2376 12 8 0 903 896 46 3 0 1744-1697 2 9 0 1056--1052 18 3 0 903 -928 4 9 0 1257 1253 210 3 0 1230 1245 8 9 0 1049--1059 312 3 0 638 606 10 9 0 785 803 414 3 0 599 -588 14 9 0 438 -448 70 4 0 1139-1130 0 10 0 652 657 82 4 0 626 595 2 10 0 785 -771 9
6 4 0 2654-2679 4 10 0 552 -552 1210 4 0 855 865 6 10 0 236 215 13
12 4 0 980 -962 10 10 :0 321 -224 014 4 0 329 -228 2 1 1 -■0 848 -841 116 4 0 799 817 4 1 1 0 1000 967 22 5 0 262 271 6 1 1 0 274 267 34 5 0 1466-1536 8 1 1 0 723 -717 4


























L 10FO 10FC H K L 1OFO 1OFC H K L 1 OFO 10FC
0 1438--1462 6 2 1 1466-1499 3 5 1 1244 1248
0 388 398 7 2 1 924 -943 4 5 1 1285--1300
0 1 181 1 170 9 2 1 368 -347 5 5 1 695 -689
0 1542--1627 10 2 1 917 9!7 6 5 1 206 -189
0 361 328 1 1, 2 1 1181 1172 7 5 1 1084-■1048
0 677 640 12 2 1 785 -757 8 5 1 610 634
0 430 -398 13 2 1 448 -439 9 5 1 645 671
0 1077 1054 16 2 1 473 470 10 5 1 569 -555
0 395 -386 1 3 1 209 -197 12 5 1 424 -432
0 329 301 2 3 1 1702 1644 13 5 1 540 -532
0 421 474 3 3 1 1403 1394 14 5 1 490 498
0 508 504 4 3 1 980 -991 15 5 1 331 316
0 570 -564 5 3 1 723 674 0 6 1 1445 1512
0 682 675 6 3 1 841 -833 1 6 1 429 470
0 896 921 7 3 1 1299-1268 2 6 1 258 -233
0 372 -368 8 3 1 743 750 4 6 1 966--1032
0 629 623 9 3 1 313 343 5 6 1 1459--1500
0 291 -298 10 3 1 390 -371 6 6 1 1202 1 169
0 525 493 12 3 1 337 -286 7 6 1 827 885
1 1945 1954 13 3 1 417 -351 9 6 1 578 581
1 1640--1637 14 3 1 488 463 10 6 1 474 -478
1 208 -231 15 3 1 363 308 1 1 6 1 889 -880
1 1640 1659 0 4 1 455 -463 12 6 1 500 563
1 675 674 1 4 1 1869 I860 13 6 1 308 263
1 806 -790 2 4 5 682 691 16 6 1 378 -448
1 896 -918 3 4 1 643 636 2 7 1 695 -699
1 314 412 4 4 1 206 -182 3 7 1 1626--1633
1 312 394 5 4 1 592 -567 4 7 1 578 561
1 2946--2964 6 4 1 262 240 5 7 1 694 690
1 1862-■1846 7 4 1 604 -599 6 7 1 395 387
1 702 693 8 4 1 399 -396 7 7 1 455 449
1 381 -340 1 1 4 1 307 274 8 7 1 882 -885
1 502 -478 1 5 1 764 -711 9 7 1 910 -921
1 1431 1436 2 5 1 1605 1618 10 7 1 569 616
ro co
H K L 1OFO 1OFC H K L 10FO 1 OFC H
13 7 1 308 202 12 1 1 1 409 -408 5
15 7 1 387 -323 13 1 1 1 320 -341 7
0 8 1 462 -435 3 12 1 265 255 9
1 8 1 497 482 4 12 1 356 297 10
2 8 1 716 -718 5 12 1 370 348 1 1
3 8 1 304 317 8 12 1 304 290 13
5 8 1 274 -292 1 13 1 440 -437 14
1 9 1 716 686 2 13 1 841 860 17
2 9 1 729 -712 3 13 1 600 621 1
3 9 1 1167-1174 6 13 1 390 -405 2
4 9 1 896 881 7 13 1 413 -446 3
7 9 1 526 523 8 13 1 626 673 4
8 9 1 771 -771 9 13 1 436 402 7
9 9 1 555 -560 0 14 1 1000 1032 9
10 9 1 438 442 1 14 1 554 523 13
13 9 1 439 425 3 14 1 297 259 15
14 9 1 435 -495 5 14 1 679 -694 0
0 10 1 659 -661 6 14 1 634 659 1
1 10 1 868 -887 7 14 1 435 451 24 10 1 757 736 9 14 1 315 27 1 3
5 10 1 1112 1130 3 15 1 299 -310 4
6 to 1 1230-1275 4 15 1 525 507 5
7 10 1 799 -822 6 15 1 296 290 6
10 10 1 479 472 8 15 1 306 -249 7
1 1 10 1 709 730 9 15 1 345 -306 8
12 10 1 537 -550 1 17 1 272 216 1
13 10 1 346 -356 2 17 1 306 -347 3
1 11 1 373 -358 3 17 1 537 -493 4
2 11 1 534 546 4 17.- 1 372 378 5
3 11 1 424 408 0 0.-. 2 138 -120 6
7 11 1 366 -387 1 0 2 3460- 3414 7
8 11 1 512 506 2 0 2 1806-■1893 8
9 11 I 487 464 3 0 2 669 632 9





















L 1OFO 1OFC H K L 10FO 1 OFC H K L 10FO 1 OFC
2 3439 3422 13 3 2 498 -507 9 7 2 729 -730
2 1890-1860 15 3 2 647 656 13 7 2 525 533
2 709 -750 0 4 2 764 708 15 7 2 431 -480
2 265 292 1 4 2 1653 1669 1 8 2 1834--18 22
2 1320 1318 2' 4 2 402 -417 2 8 2 509 -481
2 449 -462 3 4 2 841 -794 3 8 2 551 -527
2 509 -528 4 4 2 861 860 4 8 2 592 586
2 736 753 5 4 2 1521- 1547 5 8 2 1674 1639
2 2175-2133 6 4 2 413 430 7 8 2 959--1031
2 764 -734 7 4 2 820 860 9 8 2 463 -464
2 2772 2735 1 1 4 2 1 160- 1121 1 1 8 2 1035 1004
2 659 -663 13 4 2 512 484 15 8 2 459 -408
2 750 -749 15 4 2 572 612 1 9 2 588 -593
2 1014 1022 1 5 2 1021 998 3 9 2 1112 1 130
2 528 -516 2 5 2 197 198 4 9 2 497 501
2 314 264 3 5 2 1619- 1592 5 9 2 813 -81 1
2 1667 1611 5 5 2 265 -251 6 9 2 545 -535
2 679 -667 7 5 2 709 738 7 9 2 586 -564
2 520 -503 9 5 2 917 -931 9 9 2 834 837
2 683 -691 10 5 2 409 405 13 9 2 507 -551
2 966 -972 13 5 2 531 522 0 10 2 302 335
2 330 -350 15 5 2 395 -315 1 10 2 237 -293
2 368 399 0 6 2 1417 1324 3 10 2 230 269
2 540 -533 1 6 2 501 -505 5 to 2 418 399
2 367 392 2 6 2 1271- 1245 1 11 2 693 -670
2 276 -269 3 6 2 436 432 3 11 2 1264 1295
2 2168 2151 4 6 2 236 241 5 11 2 468 -436
2 1160 1108 6 6 2 219 -257 7 11 2 757 -779
2 1188-1197 8 6 2 367 362 9 11 2 736 699
2 284 244 1 7 2 433 453 13 11 2 561 -553
2 882 -880 2 7 2 364 -365 1 12 2 1389 1359
2 966 -956 3 7 2 2029- 2040 3 12 2 494 519
2 1487 1515 5 7 2 461 489 5 12 2 1035 -994
2 281 -256 7 7 2 813 825 7 12 2 855 883
N>
H K L 1 OFO 10FC H K L 10FO 10FC H K
11 12 2 778 -836 7 2 3 827 832 9 5
1 13 2 375 398 8 2 3 31 1 333 10 5
3 <3 2 502 -456 to 2 3 1 181 1203 13 5
5 13 2 308 315 1 1 2 3 806 -821 14 5
7 13 2 453 494 12 2 3 702 -716 0 6
9 13 2 367 -413 15 2 3 286 195 1 6
0 14 2 360 -314 16 2 3 463 437 2 6
1 15 2 757 771 1 3 3 987 -954 3 6
2 15 2 269 258 2 3 3 702 637 4 6
3 15 2 588 -560 3 3 3 1292--1297 5 6
5 15 2 276 256 4 3 3 436 -446 6 6
7 15 2 408 437 5 3 3 785 798 7 6
1 16 2 659 -618 6 3 3 677 -712 10 6
2 16 2 285 -262 7 3 3 578 564 1 1 6
5 16 2 778 794 8 3 3 7 16 748 12 6
7 16 2 497 -454 9 3 3 875 -928 13 6
3 17 2 556 529 10 3 3 263 -212 15 6
1 1 3 1688--1654 13 3 3 408 463 2 7
2 1 3 1681--1723 14 3 3 479 515 3 7
4 1 3 594 -574 0 4 3 1077 1039 4 7
5 1 3 709 -703 1 4 3 497 484 5 7
6 1 3 236 312 2 4 3 993 -986 6 7
8 1 3 1244--1226 3 4 3 1647 1640 8 7
9 1 3 1 174 1 157 4 4 3 764 732 9 7
to 1 3 625 634 8 4 3 365 329 10 7
13 1 3 462 -505 9 4 3 331 -286 13 7
14 1 3 352 -286 1 5 3 917 975 14 7
0 2 3 691 -705 2 5 3 381 397 0 8
1 2 3 2612 2716 3 5 3 1640--1600 1 8
2 2 3 1626 1587 4 5 3 1 188-■1 199 2 8
3 2 3 613 617 5 5 3 562 556 4 8
4 2 3 2557 2561 6 5 3 556 -546 5 8
5 2 3 2077- 2057 7 5 3 716 71 1 6 8
6 2 3 1598- 1623 8 5 3 1209 1218 7 8
L 1 OFO 1 OFC H K L 1 OFO 10FC H K L 1 OFO 1 OFC
3 302 -286 1 9 3 234 220 1 13 3 357 385
3 473 -468 2 9 3 522 -525 2 13 3 677 655
3 306 317 3 9 3 785 753 3 13 3 569 -563
3 647 645 4 9 3 868 848 5 13 3 375 336
3 1 146 1 191 5 9 3 236 -238 8 13 3 422 425
3 1257--1252 7 9 3 636 -631 9 13 3 577 -571
3 597 -595 8 9 3 665 -691 0 14 3 848 839
3 256 -279 9 9 3 504 51 1 1 14 3 757 -785
3 1070--1 165 10 9 3 393 374 4 14 3 398 -426
3 1091 1112 13 9 3 338 -339 5 14 3 716 703
3 917 918 14 9 3 504 -480 6 14 3 652 652
3 430 -441 0 10 3 1383-■1394 7 14 3 398 -400
3 910 -917 1 10 3 966 954 10 14 3 390 -464
3 729 742 2 10 3 654 617 1 15 3 379 -413
3 650 691 4 10 3 695 663 3 15 3 397 374
3 445 -464 5 10 3 1007--1004 4 15 3 335 326
3 336 -307 6 10 3 1077--1034 0 16 3 333 324
3 1251--1263 7 10 3 604 599 2 17 3 495 -505
3 1251 1215 8 10 3 300 288 3 17 3 365 323
3 785 767 9 10 3 333 285 0 0 4 1417--1421
3 337 309 10 10 3 441 470 1 0 4 2626--2601
3 396 -362 1 I 10 3 51 1 -542 2 0 4 363 359
3 688 -648 12 10 3 647 -669 3 0 4 347 -347
3 350 384 1 11 3 363 358 4 0 4 515 509
3 620 627 2 11 3 627 661 5 0 4 51 1 -505
3 356 -234 3 11 3 778 -775 6 0 4 2689--2755
3 465 -424 4 11 3 501 -518 7 0 4 868 -865
3 545 536 5 11 3 274 233 8 0 4 1237 1206
3 248 -231 7 11 3 588 573 10 0 4 1480 1484
3 429 426 8 11 3 544 524 12 0 4 973 -948
3 657 -647 9 11 3 361 -360 16 0 4 523 551
3 250 236 0 12 3 261 -242 1 1 4 1202 1 196
3 251 280 5 12 3 330 -319 2 1 4 736 755
3 301 -315 7 12 3 249 -132 3 1 4 875 -830
N>Ol
H K L 1 OFO 10FC H K L 10FO 1 OFC H K
4 1 4 648 -619 6 5 4 324 320 8 95 1 4 478 -473 7 5 4 445 445 14 96 1 4 397 -402 8 5 4 987 -979 6 108 1 4 1577 1628 9 5 4 459 478 2 1 110 1 4 636 -627 10 5 4 437 417 4 1 112 1 4 390 -381 14 5 4 531 -522 5 1 114 1 4 691 668 0 6 4 599 -623 6 1 11 2 4 736 -755 1 6 4 750 -737 8 1 12 2 4 2168--2182 3 6 4 676 -657 12 1 13 2 4 875 -825 4 6 4 509 466 0 124 2 4 855 817 5 6 4 352 377 2 125 2 4 436 423 6 6 4 586 607 4 121 3 4 422 -429 1 7 4 41 1 394 6 122 3 4 2765 2722 2 7 4 191 1- 1918 7 123 3 4 980 1057 3 7 4 222 240 8 124 3 4 924 -912 4 7 4 1028 1070 10 126 3 4 544 -550 6 7 4 522 513 12 127 3 4 418 398 8 7 4 1028--1005 2 138 3 4 1209 1274 10 7 4 520 519 4 1310 3 4 481 -500 14 7 4 627 -590 8 1314 3 4 545 566 0 8 4 952 -987 0 140 4 4 2327 2407 2 8 4 1063 1 1 13 1 142 4 4 938 -965 4 8 4 1 153 1 128 2 154 4 4 1369--1465 5 8 4 214 210 3 156 4 4 1 188 1245 6 8 4 1584- 1594 4 157 4 4 330 -324 7 8 4 251 -306 8 159 4 4 526 522 8 8 4 234 217 0 1610 4 4 980 -931 10 8 4 785 761 2 1612 4 4 1244 1271 12 8 •;4 529 -565 4 1616 4 4 497 -478 2 9 .-4 1244 1201 6 161 5 4 1 132 1 136 3 9 4 408 419 2 172 5 4 1521--1541 4 9 4 848 -827 1 14 5 4 1709 1757 5 9 4 561 -565 2 15 5 4 295 -253 6 9 4 260 -220 3 1
L 10FO 10FC H K L 10FO 10FC H K L 10FO 10FC
4 657 671 4 1 5 574 -613 14 3 5 41 1 -4034 446 477 5 1 5 716 -741 0 4 5 241 -2264 487 -493 6 1 5 213 152 1 4 5 277 -2924 966 971 7 1 5 938 -960 5 4 5 563 -5554 896 -912 6 1 5 987 957 6 4 5 423 4074 307 -314 9 1 5 827 832 7 4 5 415 -41 14 399 -379 10 1 5 383 -344 9 4 5 328 3104 743 740 13 1 5 331 -394 1 1 4 5 327 2524 367 -374 14 1 5 310 322 1 5 5 1320 13354 1438 1404 15 1 5 393 398 2 5 5 589 -5774 736 -731 0 2 5 1292 1212 3 5 5 1376--14024 716 -679 1 2 5 2098 2082 4 5 5 673 6614 875 861 2 2 5 51 1 -504 5 5 5 333 3264 305 289 3 2 5 383 395 7 5 5 629 6224 342 -346 4 2 5 917 -956 8 5 5 750 -7534 757 -765 5 2 5 702 -681 9 5 5 848 -8634 559 512 6 2 5 1223 1240 10 5 5 558 5384 574 -575 7 2 5 1035 1002 13 5 5 750 7274 315 338 8 2 5 495 -479 14 5 5 351 -4244 597 -580 9 2 5 586 61 1 15 5 5 333 -2884 339 312 10 2 5 709 -716 0 6 5 1 195- I 1594 265 216 1 1 2 5 931 -922 1 6 5 896 -9144 834 -844 12 2 5 575 568 2 6 5 1376 13204 244 -212 13 2 5 694 664 3 6 5 627 -6244 556 549 16 2 5 399 -392 4 6 5 672 6824 549 -543 2 3 5 1556--1563 5 6 5 1021 10514 757 -768 3 3 5 973 -889 6 6 5 1000--10484 406 376 4 3 5 1313 1273 7 6 5 491 -5154 634 665 5 3 5 440 419 9 6 5 424 -4334 743 -714 6 3 5 375 380 10 6 5 466 4424 396 350 7 3 5 1348 1309 1 1 6 5 716 7335 251 -240 8 3 5 652 -649 12 6 5 643 -5855 506 518 9 3 5 443 -461 1 7 5 561 -5705 931 942 13 3 5 483 544 2 7 5 318 294
roO)
H K L 1 OFO 10FC H K L 10FO 10FC H K
3 7 5 868 883 9 1 1 5 447 -480 3 1
5 7 5 575 -557 1 13 5 351 376 4 1
7 7 5 436 -440 2 13 5 .579 -554 5 1
8 7 5 436 449 3 13 5 764 -744 7 1
9 7 5 669 688 4 13 5 454 484 9 1
0 8 5 217 149 7 13 5 277 302 13 1
4 8 5 412 434 8 13 5 513 -524 15 1
5 8 5 247 276 9 13 5 61 1 -599 1 2
1 9 5 478 -480 10 13 5 337 380 3 2
2 9 5 1 105 1082 0 14 5 917 -886 4 2
3 9 5 578 581 1 14 5 757 -735 5 2
4 9 5 557 -557 2 14 5 340 369 7 2
5 9 5 256 -237 5 14 5 487 492 8 2
6 9 5 474 -473 6 14 5 649 -655 9 2
7 9 5 634 -624 7 14 5 622 -610 12 2
8 9 5 336 335 8 14 5 290 284 1 3
9 9 5 61 1 594 2 15 5 281 279 2 3
13 9 5 500 -515 3 15 5 454 459 3 3
0 10 5 1619 1602 4 15 5 251 -245 4 3
1 10 5 750 752 0 16 5 487 -494 5 3
2 10 5 370 -363 1 0 6 2056 2028 7 3
4 10 5 855 -864 2 0 6 1070 1005 9 3
5 10 5 1438--1436 3 0 6 1244 1 175 13 3
6 10 5 548 570 4 0 6 254 -222 15 3
7 10 5 729 721 5 0 6 321 -316 0 4
10 10 5 462 -479 6 0 6 729 -714 1 4
1 1 10 5 313 -260 7 0 6 1098 1 131 2 4
13 10 5 339 227 8 0 6 283 318 4 4
1 1 I 5 622 616 .9. 0 6 945 979 5 4
2 1 1 5 771 -803 1 1 0- 6 1584--1636 7 4
3 1 1 5 820 -818 12 0 6 31 1 -250 9 4
4 1 1 5 500 495 13 0 6 565 525 1 1 4
6 1 t 5 243 -266 15 0 6 500 521 13 4
8 1 1 5 390 -406 2 1 6 554 -584 15 4
L 1 OFO 1 OFC H K L
6 1091--1097 1 5 6
6 465 -485 2 5 6
6 509 514 3 5 6
6 632 617 4 5 6
6 938 -950 5 5 6
6 481 523 7 5 6
6 497 -454 9 5 6
6 333 327 10 5 6
6 474 471 1 1 5 6
6 663 668 13 5 6
6 296 284 0 6 6
6 260 -243 1 6 6
6 267 -230 2 6 6
6 450 470 4 6 6
6 339 326 5 6 6
6 882 888 1 7 6
6 514 513 2 7 6
6 1584--1619 3 7 6
6 559 -570 5 7 6
6 630 -603 7 7 6
6 882 864 9 7 6
6 952 -950 13 7 6
6 552 503 0 8 6
6 445 -454 1 8 6
6 336 338 2 8 6
6 2168--2180 3 8 6
6 523 -526 4 8 6
6 592 571 5 8 6
6 2369 2405 6 8 6
6 1 132--I 175 7 8 6
6 834 -835 9 8 6
6 855 882 1 1 8 6
6 531 -601 13 8 6
6 361 -309 1 9 6
1 OFC H K L 10FO 10FC
-801 3 9 6 736 -745
-789 4 9 6 398 -372
1012 7 9 6 677 712
-440 1 10 6 261 212
-721 5 10 6 31 1 -326
-886 6 10 6 400 -375
855 8 10 6 286 295
308 1 11 6 527 491
-436 3 11 6 771 -759
-576 7 11 6 654 623
-162 9 11 6 431 -398
-275 1 12 6 855 -870
-263 5 12 6 875 876
243 7 12 6 841 -852
389 1 1 12 6 -645 592
-421 1 13 6 522 -525-424 3 13 6 682 688
1272 7 13 6 288 -220
-701 9 13 6 426 395
-576 1 15 6 438 -451
992 3 15 6 677 648
-536 5 15 6 292 -275
-528 7 15 6 452 -420
1 193 I 16 6 764 770
-494 1 1 7 723 746
559 2 1 7 799 817
468 3 1 7 896 -929
-1466 4 1 7 197 -216
-366 6 1 7 590 573
860 7 1 7 561 560
303 8 1 7 677 670
-816 9 1 7 500 -474
383 10 1 7 764 -779





































H K L 1 OFO 1 OFC H K L 10FO 1 OFC H K L 1 OFO
13 1 7 320 343 3 5 7 924 888 4 9 7 437
14 1 7 435 421 4 5 7 1535 1578 6 9 7 395
0 2 7 1320 1323 6 5 7 623 621 7 9 7 608
1 2 7 1223--1225 7 5 7 352 -384 8 9 7 343
2 2 7 1737--1745 8 5 7 848 -864 9 9 7 242
3 2 7 255 -274 9 5 7 601 592 0 10 7 1 167
4 2 7 1063--1053 13 5 7 402 -377 1 10 7 757
5 2 7 304 348 14 5 7 324 -347 4 10 7 736
6 2 7 993 1051 0 6 7 1327--1343 5 10 7 571
7 2 7 743 -749 1 6 7 503 530 6 10 7 889
8 2 7 381 -339 2 6 7 201 212 7 10 7 333
9 2 7 549 -561 3 6 7 436 -425 9 to 7 263
10 2 7 813 -799 4 6 7 600 649 1 1 10 7 313
1 t 2 7 654 599 5 6 7 1007--1022 12 10 7 500
12 2 7 625 621 6 6 7 1 132--11 06 1 11 7 481
13 2 7 329 -281 7 6 7 930 952 2 11 7 61 1
15 2 7 320 -254 10 6 7 743 728 3 11 7 506
1 3 7 834 -837 1 I 6 7 541 -521 4 11 7 634
2 3 7 938 -952 12 6 7 493 -463 8 11 7 418
3 3 7 1417 1438 13 6 7 447 428 9 11 7 479
4 3 7 690 709 2 7 7 729 748 8 12 7 317
6 3 7 329 334 3 7 7 607 -602 2 13 7 464
7 3 7 463 -462 4 7 7 743 -748 3 13 7 479
8 3 7 581 -562 5 7 7 403 419 4 13 7 536
9 3 7 490 470 6 7 7 321 -301 8 13 7 615
10 3 7 560 569 7 7 7 470 465 9 13 7 433
14 3 7 364 -330 8 7 7 554 584 0 14 7 882
3 4 7 274 318 10 7 7 267 -28 2 1 14 7 448
4 4 7 344 -329 0 8' 7 212 -268 2 14 7 359
5 4 7 486 -507 ‘5 8 7 269 -237 4 14 7 498
8 4 7 386 -357 8 8 7 290 314 6 14 7 676
1 1 4 7 354 329 1 9 7 597 596 7 14 7 422
1 5 7 565 -584 2 9 7 743 722 2 15 7 278
2 5 7 1348- 1414 3 9 7 966 -966 3 15 7 339
I
10FC H K L 10FO 10FC H K L 1 OFO 10FC
-441 4 15 7 308 -264 6 4 8 1695--1625
-392 0 0 8 1376 1373 9 4 8 248 250
605 1 0 8 456 453 10 4 8 729 699
375 2 0 8 1007 -987 12 4 8 723 -703
-171 4’ 0 8 529 -512 2 5 8 917 906
1 159 5 0 8 600 -612 4 5 8 1014--1007
-772 6 0 8 903 934 5 5 8 702 -709
-772 10 0 8 980 -979 6 5 8 370 -355
567 12 0 8 875 849 8 5 8 709 705
891 1 1 8 534 530 9 5 8 516 504
-343 2 1 8 1112- 1 134 10 5 8 642 -598
-190 4 1 8 679 650 12 5 8 393 -387
284 5 1 8 560 -573 14 5 8 331 334
483 8 1 8 945 -907 0 6 8 544 -524-469 10 1 8 679 658 2 6 8 242 -271
-606 12 1 8 345 316 3 6 8 399 -388476 14 1 8 500 -469 4 6 8 280 312
647 1 2 8 702 -679 9 6 8 332 255
-422 3 2 8 412 380 1 1 6 8 302 -243
462 4 2 8 230 187 1 7 8 587 -566
30 1 5 2 8 254 242 2 7 8 643 640
-504 10 2 8 310 -396 3 7 8 504 466
529 2 3 8 1 160- 1 165 4 7 8 1035-■1049
553 3 3 8 463 -469 5 7 8 249 -176
-641 4 3 8 952 953 8 7 8 848 892
414 5 3 8 249 288 10 7 8 523 -564
-913 6 3 8 343 346 0 8 8 1709 1639
503 7 3 8 251 227 2 8 8 428 -459
349 8 3 8 1084- 1070 4 8 8 966 -935
490 10 3 8 338 286 6 8 8 973 978
-696 14 3 8 459 -486 10 8 8 716 -731
424 0 4 8 1765- 1744 12 8 8 580 623
279 2 4 8 677 705 2 9 8 648 -669
-347 4 4 8 1480 1429 4 9 8 532 538
H K L 10FO 1 OFC H K L fOFO 1 OFC H K L 10FO
6 9 8 374 373 5 2 9 1 195 1 194 9 6 9 257
7 9 8 354 379 6 2 9 590 -607 10 6 9 334
8 9 8 480 -495 7 2 9 792 -835 1 1 6 9 716
10 9 8 337 249 10 2 9 539 568 12 6 9 536
1 10 8 249 291 1 1 2 9 813 789 1 7 9 591
7 10 8 234 204 1 3 9 538 -574 2 7 9 466
2 1 t 8 743 -730 2 3 9 486 490 3 7 9 516
4 1 1 8 588 552 3 3 9 959 1005 4 7 9 320
8 1 1 8 625 -623 4 3 9 861 -848 6 7 9 307
10 1 t 8 332 368 5 3 9 454 -474 7 7 9 348
0 12 8 778 -762 7 3 9 716 -723 9 7 9 444
2 12 8 356 299 8 3 9 313 361 7 8 9 419
4 12 8 640 651 9 3 9 400 385 1 9 9 522
6 12 8 827 -795 10 3 9 429 -386 2 9 9 330
8 12 8 426 446 1 1 3 9 304 -200 3 9 9 422
10 12 8 591 582 0 4 9 470 -496 4 9 9 684
2 13 8 451 478 5 4 9 709 723 8 9 9 374
4 13 8 379 -374 8 4 9 290 322 9 9 9 374
8 13 8 408 424 1 1 4 9 398 -371 10 9 9 436
0 14 8 270 -205 1 5 9 813 -851 0 10 9 574
2 15 8 650 710 3 5 9 1181 1214 1 10 9 702
4 15 8 379 -392 4 5 9 41 1 -467 5 10 9 743
1 1 9 570 579 5 5 9 496 -506 6 10 9 449
2 1 9 1000-1010 7 5 9 691 -689 7 to 9 352
3 1 9 510 -524 8 5 9 418 444 8 10 9 239
5 1 9 397 416 9 5 9 341 395 10 10 9 436
7 1 9 552 523 0 6 9 1244 1241 1 1 10 9 573
8 1 9 529 -514 1 6 9 1 153 1 197 3 11 9 342
9 I 9 448 -464 2 €► 9 672 -647 8 11 9 31 1
12 1 9 297 226 ‘4 6ri 9 579 -561 9 11 9 529
0 2 9 709 -731 5 6 9 1 174--I 186 1 13 9 326
1 2 9 1202- 121 1 6 6 9 931 946 2 13 9 407
2 2 9 410 407 7 6 9 709 701 3 13 9 619
4 2 9 980 1007 8 6 9 236 -168 7 13 9 317
I
10FC H K L 10FO 1 OFC H K L 1 OFO 1 OFC
271 0 14 9 433 450 1 4 10 1257 1255
-293 1 14 9 575 579 5 4 10 1244--1251
-749 4 14 9 392 -304 6 4 10 516 -506
497 5 14 9 657 -654 7 4 10 560 559
625 6 14 9 294 283 1 1 4 10 792 -784
-496 2 15 9 320 -285 13 4 10 353 262
-505 0 0 10 1244 1216 1 5 10 547 545
298 1 0 10 1 1 12--1 1 17 3 5 10 531 -548
350 3 0 10 332 -333 5 5 10 417 432
345 4 0 10 238 230 7 5 10 896 909
-453 5 0 10 1278 1288 8 5 10 473 468
469 7 0 10 980--1029 9 5 10 361 -313507 9 0 10 251 -264 6 6 10 327 -395
-358 to 0 10 267 -277 7 6 10 251 306
-44 1 1 1 0 10 806 805 10 6 10 265 -335
71 1 12 0 10 365 427 1 7 to 624 646
-369 1 1 10 743 -764 2 7 10 396 386
-382 3 1 10 1007 1064 3 7 10 848 -867
403 5 1 10 507 -505 6 7 10 373 396
-577 6 1 10 249 209 7 7 10 586 602
-693 7 1 10 521 -517 9 7 10 529 -492
750 9 1 10 693 713 10 7 10 260 -258
-453 13 1 10 352 -314 0 8 10 304 327
-324 0 2 10 402 -412 1 8 10 813 -825
178 4 2 10 394 419 4 8 10 330 -365
449 7 2 10 390 -391 5 8 10 1070 1057
571 9 2 10 298 286 7 8 10 518 -525
405 1 3 10 729 -720 9 8 10 371 -330
308 2 3 10 215 237 1 1 8 10 743 737
526 3 3 to 1112 1090 1 9 10 641 -678
-333 4 3 10 355 358 3 9 10 546 514
455 7 3 10 544 -500 7 9 10 472 -502
669 9 3 10 820 829 9 9 10 458 447
-31 1 0 4 10 375 -392 0 to 10 402 423
r o<0
H K L 10FO 10FC H K L 10FO 1 OFC H K L 1 OFO 1 OFC
1 1 1 10 358 -362 10 3 1 1 404 -413 7 9 1 1 361 -342
3 1 1 10 716 685 13 3 1 1 349 279 8 9 1 1 545 -555
5 1 1 10 351 -327 1 4 1 1 237 166 9 9 1 1 375 362
7 1 I 10 547 -535 7 4 1 1 245 259 0 10 1 1 385 -361
9 1 1 10 507 509 1 5 1 1 268 242 1 10 1 1 361 409
1 12 10 656 642 2 5 1 1 1 105 1074 2 10 1 1 251 277
5 12 10 674 -663 4 5 1 1 606 -638 4 10 1 1 247 237
7 12 10 491 528 8 5 1 1 481 471 5 10 1 1 372 -310
3 13 10 324 -320 9 5 1 1 374 -369 6 10 1 1 757 -758
5 13 10 265 304 10 5 1 1 393 -316 7 to t 1 302 296
1 1 11 470 -433 ‘ 0 6 1 1 1230 1237 2 11 1 1 281 301
2 1 11 682 -680 1 6 1 1 924 -91 1 4 11 1 1 349 -296
3 1 11 663 661 2 6 1 1 419 -406 8 11 1 1 336 342
4 1 1 f 561 572 4 6 1 1 554 -560 4 12 1 1 251 201
5 1 11 290 -293 5 6 1 1 1028 10 15 1 13 1 1 267 286
7 1 11 358 - 3 4 5 6 6 1 1 868 870 2 13 1 1 522 485
8 1 11 484 -483 8 6 1 1 286 -272 3 13 1 1 361 -351
0 2 11 1355--1346 9 6 1 1 261 -238 4 13 1 1 345 -343
1 2 11 379 421 10 6 1 1 417 -453 0 14 1 1 695 709
2 2 11 557 541 1 1 6 1 1 402 386 0 0 12 1591--1610
3 2 11 329 310 12 6 1 1 436 435 1 0 12 249 -233
4 2 11 590 544 1 7 1 1 514 -523 2 0 12 452 449
5 2 11 534 -568 2 7 1 1 686 -650 3 0 12 377 401
6 2 11 736 -741 3 7 1 1 299 319 4 0 12 778 777
7 2 11 540 574 4 7 1 1 347 351 5 0 12 317 280
to 2 11 543 514 6 7 1 1 257 225 6 0 12 1 174--1 183
1 1 2 11 316 -341 7 7 1 1 461 -458 9 0 12 315 -266
12 2 11 404 -436 8 7 1 1 531 -500 10 0 12 506 487
1 3 11 302 326 10 7. 1 1 248 108 12 0 12 365 -469
2 3 11 764 738 • 8 8, 1 1 272 -263 2 1 12 993 1007
3 3 11 240 -244 2 9 1 1 402 -406 4 1 12 757 -759
4 3 1 1 677 -672 3 9 1 1 387 376 6 1 12 247 -243
5 3 11 2 80 317 4 9 1 1 610 623 8 1 12 586 560
8 3 11 604 652 5 9 1 1 408 -449 0 2 12 384 - 4 1  1
H K L 1 OFO 1 OFC
2 3 12 723 738
3 3 12 263 313
4 3 12 662 -662
8 3 12 513 516
10' 3 12 281 -325
0 4 12 1063 1095
2 4 12 504 -567
4 4 12 399 -387
6 4 12 938 934
10 4 12 626 -647
12 4 12 604 576
1 5 12 243 216
2 5 12 584 -594
4 5 12 317 335
5 5 12 305 -295
8 5 12 399 -426
9 5 12 285 -307
2 6 12 256 -223
8 6 12 334 294
2 7 12 509 -494
4 7 12 459 476
6 7 12 258 215
8 7 12 480 -477
9 7 12 284 -280
10 7 12 284 208
0 8 12 924 -934
2 8 12 371 323
3 8 12 340 -324
4 8 12 659 633
6 8 12 903 -904
8 8 12 356 325
10 8 12 509 499
3 9 12 258 270
4 9 12 429 -395
H K L 10FO 1 OFC
8 9 12 518 472
2 1 1 12 608 635
4 1 1 12 481 -450
0 12 12 778 776
2 12 12 301 -320
4 12 12 448 -459
1 1 13 424 -412
2 1 13 580 603
3 1 13 579 583
4 1 13 461 -503
7 1 13 402 -407
8 1 13 287 307
9 1 13 422 388
0 2 13 613 624
1 2 13 729 736
5 2 13 813 -803
6 2 13 354 371
7 2 13 333 322
9 2 13 272 320
10 2 13 374 -310
1 1 2 13 602 -490
3 3 13 799 -818
9 3 13 474 -485
0 4 13 429 406
2 5 13 498 -440
3 5 13 438 -415
7 5 13 425 424
8 5 13 297 -231
9 5 13 431 -387
0 6 13 459 -442
1 6 13 855 -868
2 6 13 265 237
3 6 13 295 -279
5 6 13 559 593
H K L 10F0 1 OFC H K L 1 OFO 10FC H K L 1 OFO
6 6 13 509 -508 4 0 14 315 307 3 5 14 680
7 6 13 591 -592 5 0 14 848 -842 9 5 14 320
2 7 13 251 235 6 0 14 448 -426 2 7 14 257
3 7 13 664 660 7 0 14 362 351 3 7 14 609
4 7 13 353 -378 1 1 14 315 298 7 7 14 436
6 7 13 343 -325 3 1 14 743 -721 1 8 >4 695
8 7 13 356 358 7 1 14 313 256 5 8 14 556
9 7 13 459 484 9 1 14 559 -545 7 8 14 548
1 9 13 297 -314 5 2 14 253 -125 3 9 14 529
2 9 13 345 345 6 2 14 259 -242 1 1 1 14 345
3 9 13 631 632 1 3 14 292 305 2 1 15 603
4 9 13 340 -334 3 3 14 566 -572 3 1 15 378
0 10 13 377 357 4 3 14 238 -147 4 1 15 423
1 10 13 525 489 7 3 14 316 349 8 1 15 509
5 10 13 580 -585 9 3 14 527 -515 0 2 15 651
6 10 13 381 31 1 1 4 14 654 -640 1 2 15 301
3 11 13 415 -459 5 4 14 679 661 2 2 15 251
0 0 14 258 -31 1 7 4 14 488 -533 4 2 15 514
1 0 14 875 861 9 4 14 277 -258 5 2 15 346
I
10FC H K L 1 OFO 1 OFC H K L 10FO 10FC
676 6 2 15 670 641 2 1 16 361 -403
342 7 2 15 333 -368 4 1 16 363 368-214 2 3 15 418 -380 2 3 16 314 -344
655 4 3 15 315 278 0 4 16 61 1 -628
-463 '8 3 15 450 -404 4 4 16 546 536
702 0 4 15 304 -226 6 4 16 561 -586-614 3 5 15 286 268 2 5 16 450 431
541 8 5 15 399 -343 4 5 16 446 -369
-534 0 6 15 550 -581 2 7 16 463 468
326 2 6 15 315 320 0 8 16 723 693
569 4 6 15 436 399 1 1 17 359 318
-383 5 6 15 408 -361 3 1 17 507 -515
-432 6 6 15 508 -529 0 2 17 369 -367444 2 7 15 333 317 1 2 17 460 -429
641 3 7 15 331 -329 5 2 17 509 500
-225 2 9 15 552 54 1 1 3 17 289 -218
-239 0 0 16 518 512 3 3 17 267 244
-499 1 0 16 329 327 1 5 17 288 -258




A stereoscopic view of the molecule, showing the 
numbering system used for this study, is shown in figure 
2-1. The coordination environment of the metal atom is 
distorted octahedral. The organic ligand 2,6-bis[1-(2,2- 
dimethylpropanimino)ethyl]pyridine, bdmpiep, is bonded to 
the metal atom at two of the three possible Lewis base 
sites, namely, one of the imino nitrogens and the pyridyl 
nitrogen (figure 2-1). The resulting five-member 
metallocyclic ring is essentially planar with the largest 
deviation of 0.06 A (table 2-5).
The N1-Mo-N2 angle deviates from the octahedral angle 
(72.5(2)°). This is common for similar nitrogen bidentate 
ligand complexes (angles range from 72.6(3)° to 
73.62(7)° )1» *2-23 24-26.
The Mo-N bond lengths are 2.291(7) A (pyridyl
nitrogen, N1) and 2.268(7) A (imino nitrogen, N2). The
Mo-N2 bond is statistically equivalent to that found in
Mo(CO)«-(E)-5-Me-(paphy)19, but is significantly shorter 
than those in Mo(CO)4 [6,7,16,17-tetrahydro-15H- 
dibenzo(e.n)(1,4,8,12) diozadiazacyclopentadecins] 
(2.312(13) and 2.325(18) A)18.













Dihedral Angles: 6.50° (P1P2)
3.39° (P2P3)
Planet: 0.5443X - 0.3674Y + 0
Plane2: 0.4674X - 0.4504Y + 0









7542Z = 2.0042 
7607Z = 1.9218 
7975Z = 1.9398
Table 2-5 Least Squares Planes
Mo(NN)(C0)4, where NN is a bidentate ligand complexing to 
the metal through two nitrogen atoms, range from 2.143(6) 
to 2.274(9) A 19-21. The Mo-NI bond found in the present 
study is thus the longest bond found in this series of 
compounds. However, long Mo-N bonds (2.34, 2.36 A) have 
been observed in the monodentate pyridyl-metal complex 
Mo(O-tBu)2(CO)z(py)223•
The two carbonyl groups trans to N1 and N2 occupy the
remaining equatorial positions, with Mo-C bonds of
1.936(11) and 1.953(10) % and corresponding C-0 bonds of
1.161(13) and 1.165(13) A. This equatorial plane, with
0largest deviation of 0.05 A, is nearly parallel to the 
metallocyciic plane (dihedral angle = 3.39°; see table 
2-5) . The final two carbonyl groups occupy axial 
positions to complete the distorted octahedral geometry. 
The axial Mo-C and corresponding C-0 bond lengths are 
2.033(10), 2.040(10), 1.140(14), and 1.141(13) A 
respectively.. Thus, all M-C and C-0 bond lengths fall 
within the ranges of those reported for similar structures 
containing molybdenum19-23.
The pyridyi and imino groups have less n— accepter 
character compared to the carbonyl group. Thus the 
average Mo-C bond trans to nitrogen is significantly 
(0.091(5) A) shorter than the axial Mo-C bond. In 
addition, the axial carbonyl groups are bent away from the 
bulky pyridyl ligand; the C21-Mo-C31 angle is 168.5(3)°
(figure 2-1). Other important bond lengths and angles are 
listed in table 2-6 .
Bonding in BDMPIEP
The pyridyl ring retains its planarity upon
coordination (largest deviation = 0.02 A). It is slightly
tilted with respect to the coordination plane (dihedral
angle = 7.70°; see table 2-5). Within experimental error
the C-C bonds- (from 1.359(14) to 1.374(10) A-; table 2-7)
and C—N bonds (1.342(12) and 1.374(10) A) are equivalent
to those reported for similar pyridyl-molybdenum
compounds19-20. The bonding imino group has C-N =
1-297(13) A for C13 and N2. This value longer than that
found in the corresponding non-bonding imino group (C-N =
01.238(12) A ; see figure 2- 1) although the difference is 
only marginally significant. This difference indicates 
that there is metal (dir) - imino(pTrw) back bonding. The 
bonds in the remaining two side chains are normal and 
comparable to each other (table 2-7).
M o --- Nf 2.291(7) N 1 - Mo - N2 72.5(3)
M o --- N2 2.268(7) N 1 - Mo - C21 96.3(3)
M o --- C2I 2.040C10) N 1 - Mo - C31 91.0(3)
M o --- C31 2.033C10) N 1 - Mo - C41 103.6(3)
M o --- C41 1.953(10) N 2 - Mo - C21 91 .9(3)
M o --- C51 1.936(11) N2 - Mo - C31 98.9(3)
C21 — 021 1.141(13) N2 - Mo - C51 99.0(3)
C3I --- 031 1.140(14) C21 - Mo - C41 85. 1 (4)
C41 — 041 1.161(13) C2I - Mo - C51 86.0(4)
C51 — 051 1.165(13) C31 - Mo - C41 84.5(4)
C31 - Mo - C51 88.1(4)
C41 - Mo - C51 85.0(4)
N 1 - Mo - C51 171.2(3)
N2 - Mo - C41 174.9(4)
C21 - Mo - C31 168.4(4)
Mo - C21 - 021 172.8(9)
Mo - C31 - 031 172.0(9)
Mo - C41 - 041 176.5(9)
Mo - C5I - 051 178.3(8)
Table 2-6 Selected Bond Lenghts (A) and Angles (°)
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N 1 --- Cl 1.348(13)
N 1 --- C5 1.373(12)
C l --- C2 1.360(16)
C 2 --- C3 1.386(17)
C 3 --- C4 1.384C17)
C 4 --- C5 1.383(14)
N 2 --- C 1 3 1.297(13)
N 2 --- C 1 5 1.470C12)
C 5 --- C 1 3 " 1.467(14)
C 1 3 — C 1 4 1.511(14)
C 1 5 — C 1 6 1.556C14)
C 16 — C 1 7 1.502(17)
C 16 — C 1 8 1.516(17)
C 1 6 — C 1 9 1.456(18)
N 3 --- C6 1.246(13)
N 3 --- C8 1.474(14)
C l --- C6 1.510(14)
C6 --- C7 1.532(14)
C8 --- C9 1.507(16)
C 9 --- CIO 1.531(16)
C 9 --- Cl 1 1.550(18)
C 9 --- C 1 2 1.524(18)
Cl - N 1 - C5 117.8(8)
N 1 - Cl - C2 122.3(9)
Cl - C2 - C3 121.3(11)
C2 - C3 - C4 117.0(11)
C3 - C4 - C5 120.3(9)
C4 — C5 — N 1 121.4(9)
Table 2-7 Bonding in BDMPIEP
CHAPTER III
Crystal Structure of Ir(TCM)(CO)(PPh3)2•^C6H 6
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INTRODUCTION
In 1962, a convenient preparation for the 
tricyanomethanide anion (C(CN)3"; abbreviated as TCM) was 
established27 and an interest in this carbanion ensued.
The sodium (NaTCM)28, potassium (KTCM)2*, and ammonium 
(NH4TCM)30 salts were studied by X-ray diffraction 
methods. Following the study of these simple alkali metal 
salts, more complex metal compounds of Ag(I), Cu(II), 
Tl(III), Fe(III), and Sn(IV) were prepared and 
studied31"35. The results of these studies showed that 
all these crystal structures are polymeric. In addition, 
the geometry of the tricyanomethanide ion in these 
compounds was either exactly or slightly distorted 
trigonal planar.
The bis(triphenylphosphin)carbonyl(2,2-dicyano- 
ethylidenamino)iridiumCI) (the ligand 2 ,2-dicyano- 
ethylidenamino = TCM; figure 3-1) was prepared by Lenarda 
and Baddley36 and it was the first monomeric TCM - 
transition metal complex to be studied by single crystal 
X-ray diffraction techniques by Witt37 in 1973. It was 
shown that one of the cyano groups in the TCM had large 
thermal parameters, which suggested that this cyano group 
might be positionally disordered. Two structural models, 
an anisotropic ordered model (ANIS) and a disordered model 
(DISO), were refined at that time and both of them fit the 
X-ray data equally well.
In the anisotropic model the TCM anion had trigonal 
planar geometry similar to that in the previous 
reports26-35 while in the disordered model the TCM anion 
displayed pyramidal geometry. This was the first report 
in which the TCM anion coordinated to transition metal had 
pyramidal geometry. Thus in order to define more 
precisely the non-planar nature of the TCM coordinated to 
iridium, Ue decided to refine the structure using the 
diffraction data collected in 1973 and to perform ab 
initio quantum mechanical calculations on the TCM ligand 
in both planar and pyramidal models.
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SOLUTION OF THE STRUCTURE
The intensity data for Ir(TCM)(CO)(PPh3)2 were 
collected by M. E. Mitt in 1973 on an Enraf-Nonius PAD-3 
three circle diffractometer37. The space group is PT with 
two molecules per unit cell. The crystal data are listed 
in table 3 - I.
The positions of three heavy atoms (iridium and two 
phosphorus) were taken from the previous report37. By a 
series of difference Fourier maps1*, the remaining carbon, 
nitrogen, and oxygen atoms were redetermined. This trial 
structure was refined by full-matrix least squares 
methods14-18. Some restrictions were applied during 
refinement. First, all six phenyl rings of the two 
triphenylphosphine groups were treated as "rigid" groups, 
with H atoms in calculated positions. Rigid group 
refinement requires a planar six member ring with C-C 
bonds of 1.395 & and C-H bonds of 1.08 A. Specification 
of the "pivot" atom and three orientation angles 
completely defines the spatial positions of all atoms in 
the C6H b group18. Next, the C-0 bond in the carbonyl 
group was constrained to 1.160(5) A. Finally, the solvent 
molecule, benzene, which was located on the inversion 
center at (1/2 , 1/2 , 0), was also refined as a rigid group 
with all atoms treated as half-atoms and with the origin 















R = 2(||Fo|-|Fc||) / S|Fo|
wR = [ 2w(|F0 |“ |Fc|)2 / 2w|F0 |z ] 
w = 1 / ( <x*(F) + | g | F z )
* R Values Are Listed As:
Disordered (Ordered Anisotropic)
Table 3-1 Crystal Data
IrP20N3C,4H 33 















At this stage, an anisotropic (ANIS) model was 
refined. In the ANIS model, the iridium atom, TCM group, 
carbonyl group, and two phosphorus atoms were refined 
anisotropically. The remaining carbon atoms in the six 
phenyl groups and benzene were isotropically refined and 
all the hydrogen atoms were "riding" on the corresponding 
carbon atoms in the refinement. The final residual 
factors are R=0.0470 and wR=0.0605 for 2383 reflection and 
187 parameters. The final positional and thermal 
parameters are comparable to those reported by Witt37.
As previously reported, the C3 and N3 atoms of one 
cyano-group of the TCM ligand show apparently large 
thermal motion (figure 3-2). These thermal ellipsoids are 
oriented perpendicular to the C-N bond, with angles 
between largest principal axes and the C3-N3 vector of 
96.5° and 95.3° respectively. Therefore, the second, 
statistically disordered (DISO), model was refined. In 
the DISO model, C3 and N3 were split into two "half-atoms" 
for a total of four half-atoms (C31, C32, N31, and N32; 
see figure 3-3). Initially, C31 and C32 occupied the two 
opposite ends of the C3 thermal ellipsoid along the 
largest principal axis, and in a similar way N31 and N32 
occupied the two opposite ends of the N3 thermal ellipsoid 
along the largest principal axis. The site occupation 
factors for all four half-atoms were fixed at 0.5. These 
four half-atoms were then refined isotropically and
independently. After several cycles of least squares, the 
final R values were 0.0473 and 0.0606 for 2383 reflections 
and 185 parameters. The final difference map shows that
Othe largest residual peak is about 0.9 e/A3 near the Ir.
The R ratio test17 showed that, as previously 
reported, both the ANIS and DISO models fit the X-ray data 
equally well. Now the question is: Which model has more 
chemical sense? In order to answer this question, ab 
initio quantum mechanical calculations were carried out on 
the TCM anion system. The results (see the following two 
sections) show that the DISO model has lower energy than 
the ANIS model. Therefore, the final structural results 
reported in this chapter are based on the DISO model. The 
atomic parameters are in table 3-2. Anisotropic thermal 
parameters are listed in table 3-3. The observed and 
calculated structure factors are found in table 3-4.










ATOM X Y Z U
IR ( 1 ) 32728(7) 16187(7) 25017(4) 504(3)
P( 1 ) 2190(4) 2303(4) 3267(2) 55(2)
P (2) 4200(4) 962(4) 1597(2) 54(2)
N ( 1 ) 1797(15) -54(15) 2292(8) 70(7)
N (2) 67(19) -3292(17) 670(12) 106(10)
N (3 1 ) -1255(45) -3353(41) 2883(26) 139(16)
N (32) -1892(30) -2976(34) 2547(23) 107(11)
C( 1 ) 994(16) -1019(17) 2I34(10) 55(7)
C (2) 89(17) -2746(15) I248(12) 69(8)
C(3 1 ) -577(41) -2826(32) 2449(21) 80(12)
C (32) -1007(24) -2522(32) 2230(22) 63(9)
C(4) 109(15) -2126(14) 1926(9) 61 (7)
C (5) 4593(20) 3087(15) 2625(1 1 ) 130(16)
0(1 ) 5374(18) 4060(16) 2712(10) 122(9)
C (1 1) 1917(12) 3482(10) 2782(67 63(4)
C( 12) 1999(12) 4485(10) 3203(6) 87(6)
C( 13) I800(12) 5357(10) 2787(6) 104(7)
C ( 1 4) 1519(12) 5226(10) 1950(6) 104(7)
C( 15) I437(12) 4223(10) 1529(6) 87(6)
C( 16) 1636(12) 3351(10) 1945(6) 83(6)
C (2 1 ) 3019(10) 2870(10) 4306(5) 55(4)
C(22) 4302(10) 3055(10) 4548(5) 70(5)
C(23) 4946(10) 3511(10) 5333(5) 82(5)
C (24) 4308(10) 3784(10) 5878(5) 81 (5)
C (25) 3025(10) 3599(10) 5636(5) 91 (6 )
C (26) 2380(10) 3142(10) 4850(5) 76(5)
C(3 1 ) 595(9) 1246(8) 3366(7) 53(4)
C(32) 546(9) 337(8) 3838(7) 72(5)
C (33) -645(9) -518(8) 3949(7) 90(6)
C (34) -1787(9) -465(8) 3590(7) 88(6 )
C(35) -1737(9) 444(8) 3119(7) 110(7)
C(36) -547(9) 1299(8) 3007(7) 76(5)
C (4 1 ) 3027(10) 496(9) 656(5) 48(4)
C (42) 2558(10) -623(9) 245(5) 63(4)
C(43) 1631(10) -936(9) -460(5) 77(5)
C (44) 1173(10) -130(9) -754(5) 86(6 )
C (45) 1641(10) 989(9) -344(5) 85(5)
Atomic Positional Parameters x 10**4 
(Ir x 10**5; H x 10**3)
Isotropic Temperature Factor x 10**3 
(Ir x 10**4; H x 10**2)
* Equivalent Isotropic Temperature Factor
International Tables For X-ray Crystallography,
Vol. 4, 316
a
Table 3-2 Atomic Coordinates and Thermal Parameters
ATOM X Y Z U
C (46) 2568(10) 1302(9) 361(5) 85(5)
C (5 1 ) 5702(8) 2036(9) 1360(6) 49(4)
C (52) 5786(8) 2385(9) 589(6) 65(4)
C (53) 6954(8) 3224(9) 434(6) 85(5)
C (54) 8039(8) 3715(9) 1051(6) 96(6)
C (55) 7955(8) 3366(9) 1822(6) 104(7)
C (56) 6787(8) 2526(9) 1977(6) 79(5)
C (61 ) 4600(1 1 ) -265.(9) 1861(7) 53(4)
C (62) 4227(1 1 ) -840(9) 2534(7) 69(5)
C (63) 4507(11 ) -1789(9) 2727(7) 95(6)
C (64) 5161(11) -2165(9) 2248(7) 92(6)
C (65) 5534(11) -1591(9) 1576(7) 93(6)
C(66) 5254(11) -641(9) 1382(7) 77(5)
C (71 ) 5546 5190 -687 1 17(8)
C(72) 4208 4589 — 757 103(7)
C (73) 3662 4399 -70 111(7)
C (74) 4454 481 1 687 1 17(8)
C (75) 5792 5412 757 103(7)
C (76) 6338 5602 70 111(7)
H( 12) 222(1) 459(1) 385(1) 10
H( 13) 186(1) 613(1) 311(1) 10
H( 14) 136(1) 590(1) 163(1) 10
H( 15) 122(1) 412(1) 88 ( 1 ) 10
H( 16) 157(1) 257(1) 162(1) 10
H (22) 480( 1 ) 284(1) 413(1) 10
H(23) 594(1) 365(1) 552(1) 10
H (24) 481(1) 414(1) 649(1) 10
H (25) 253(1) 381(1) 606(1) 10
H (26) 139(1) 300(1 ) 466(1) 10
H (32) 143(1) 30 ( 1 ) 412 ( 1 ) 10
H (33) -68(1) - 122(1) 431(1) 10
H (34) -271(1) -113(1) 368(1) 10
H (35) -262(1) 49 (1 ) 284(1) 10
H (36) -51(1) 200(1) 264(1) 10
H(42) 291(1) -125(1) 47 ( 1 ) 10
H (43) 127(1) -180(1) -78(1) 10
H (44) 46 ( 1 ) -37(1) — 130( 1 ) 10
H (45) 129(1) 161(1) -57(1 ) 10
H (46) 293(1) 217(1) 68 ( 1 ) 10
H (52) 495(1) 201(1) 11(1) 10
H (53) 702(1) 349(1) -16(1) 10
H (54) 894( 1 ) 436(1) 93 ( 1 ) 10
H (55) 879(1) 375(1) 230(1) 10
H (56) 672(1) 226(1) 257(1) 10
H (62) 372(1) -55(1) 290(1) 10
Table 3-2 (Cont'd)
ATOM X Y
H (63) 422(1) -223(1)
H(64) 538(1) -290(1)
H (65) 604(1) — 188(1)
H (66) 554(1) -20(1)
H (7 1 ) 597 534
H (72) 359 427
H (73) 263 393
H (74) 403 466
H (75) 641 573





1 2 1 (1 ) 10
86(1) 10
- 1 22 10
-134 10





ATOM U1 1 U22 U33
Ir ( 1 ) 444(4) 551(4) 368(4)P( 1 ) 55(3) 58(3) 38(2)P(2) 48(2) 53(3) 46(2)N ( 1 ) 68(10) 78(11) 47(8)N (2) 107(14) 88(13) 87(13)C( 1 ) 40(9) 51(11) 55(10)C(2) 81(13) 47(11) 63(13)C(4) 58(11) 54(11) 43(9)C(5) 211(29) 118(21) 49(12)0( 1 ) 145(15) 76(10) 103(12)
All Parameters x 10**3 (Ir x 10**4)
Table 3-3 Anisotropic Thermal Parameters













1 1 (2) 
24(7) 
22(11) 
















Table 3-4 Observed and Calculated Structure 
Factors
H K L 10FO 10FC H K L 10PO 10PC H K L 10FO
8 0 0 499 -723 -11 4 0 329 306 -1 7 0 3S3
9 0 0 41 1 530 -8 4 0 833 807 1 7 0 509
10 1 0 319 318 -7 4 0 365 -410 3 7 0 441
-8 1 0 754 -769 -4 4 0 559 -564 4 7 0 553
-7 1 0 533 532 0 4 0 642 -698 -10 8 0 339
-5 1 0 940 -935 2 4 0 378 -381 -7 8 0 456
-4 1 0 384 386 3 4 0 797 -786 -6 8 0 393
-3 1 0 642 491 4 4 0 789 844 -5 8 0 400
2 1 0 672 665 -10 5 0 405 -418 -4 8 0 81 1
3 1 0 861 890 -9 5 0 400 369 -2 8 0 388
4 1 0 797 -799 -7 5 0 876 -897 -1 8 0 620
7 1 0 510 -549 -6 5 0 825 823 2 8 0 401
9 1 0 342 360 -5 5 0 459 452 4 8 0 484
10 I 0 362 -368 -4 5 0 775 -805 -9 9 0 383
10 2 0 377 372 -2 5 0 646 698 -6 9 0 522
-9 2 0 631 -61 1 1 5 0 451 482 -5 9 0 444
-7 2 0 883 851 2 5 0 876 -871 -4 9 0 394
-6 2 0 498 -460 4 5 0 523 530 -3 9 0 701
-5 2 0 308 -313 5 5 0 576 -569 -1 9 0 391
-4 2 0 725 696 -9 6 0 482 470 0 9 0 347
3 2 0 601 -640 -8 6 0 485 -446 3 9 0 395
4 2 0 990--1014 -6 6 0 962 1046 -8 10 0 329
5 2 0 624 651 -5 6 0 613 -689 -5 10 0 483
7 2 0 384 -419 -3 6 0 574 609 -3 10 0 432
8 2 0 416 404 0 6 0 668 668 -2 10 0 71 1
-9 3 0 689 -675 3 6 0 685 721 0 to 0 324
-8 3 0 631 629 5 6 0 332 -360 -5 11 0 383
-7 3 0 337 338 6 6 0 429 422 -4 11 0 490
-6 3 0 732 -656 -8 7 0 497 -535 -1 11 0 403
-5 3 0 538 506 -7 7 0 407 417 -6 12 0 336
1 3 0 631 674 -5 7 0 840 -929 2- 12 1 347
2 3 0 825 887 -4 7 0 350 340 4- 12 1 332
5 3 0 461 456 -3 7 0 684 708 5- 12 1 318
6 3 0 438 -414 -2 7 0 715 -737 2- 1 1 1 415
10PC H K L 10PO 10FC H K L 10PO 10PC
378 3-11 1 537 -520 -2 -6 1 680 -682
-51 1 5-11 1 412 387 -1 -6 1 1026 tost
459 6-11 1 390 -414 1 -6 1 457 -472
-564 -2-10 1 347 295 2 -6 1 504 509
348 1-10 1 432 455 4 -6 1 531 -571
505 3-10 1 641 -660 5 -6 1 725 767
-406 4-10 1 496 492 7 -6 1 840 -891
-427 6-10 1 352 -342 8 -6 1 481 495
880 7-10 1 328 320 1 1 -6 1 372 326
-389 -2 -9 1 317 325 -6 -5 1 371 -380
682 1 -9 1 323 325 -4 -5 1 510 496
410 2 -9 1 620 -652 -3 -5 1 919 -952
-449 4 -9 1 568 571 -2 -5 1 431 430
-360 5 -9 1 456 -498 -1 -5 1 487 523
-528 7 -9 1 319 316 0 -5 1 1091-1094
489 8 -9 1 352 -378 8 -5 1 746 725
391 -3 -8 1 516 520 9 -5 1 423 -409
-753 0 -8 1 440 441 -8 -4 1 337 314
412 2 -8 1 477 -474 -5 -4 1 666 664
-294 3 -8 1 500 519 -3 -4 1 705 -722
-360 5 -8 1 712 -779 0 -4 1 797 -883
324 6 -8 1 524 508 3 -4 1 606 -570
509 8 -8 1 369 -380 6 -4 1 840 -814
-456 -5 -7 1 507 -475 7 -4 1 604 617
694 -3 -7 1 431 398 9 -4 i 739 -687
-271 -2 -7 1 606 -614 10 -4 1 404 375
366 -1 -7 1 322 335 -7 -3 1 412 -444
-469 1 -7 1 520 -530 -5 -3 1 515 507
-386 3 -7 1 715 701 -4 -3 1 550 -613
310 4 -7 1 775 -798 5 -3 I 804 -732
301 6 -7 1 746 772 7 -3 1 688 643
-292 7 -7 1 639 -672 8 -3 1 469 -442
338 9 -7 1 385 381 10 -3 1 646 602
393 -4 -6 1 530 501 -9 -2 1 378 41 1
Ol0>
H 1C L IOFO IOPC H K L IOFO 10FC H K L IOFO
-7 -2 1 327 -357 4 2 1 840 840 -2 6 1 512
-6 -2 1 484 488 6 2 1 471 -444 -1 6 1 445
-5 -2 1 339 -345 -10 3 1 329 -349 1 6 1 604
-4 -2 1 654 -725 -8 3 1 646 630 2 6 1 597
5 -2 1 804 -723 -7 3 I 912 -873 4 6 1 594
6 -2 1 436 410 -5 3 1 768 852 -7 7 1 525
8 -2 1 667 -656 1 3 1 1285 1270 -6 7 1 616
9 -2 1 348 350 2 3 1 667 -746 -4 7 1 666
-8 -1 1 655 -692 4 3 1 919 983 -3 7 1 687
-6 -1 1 368 404 5 3 1 616 -604 -1 7 1 529
-5 -1 1 380 -412 7 3 1 380 356 0 7 1 368
-3 -| 1 666 688 -10 4 1 333 -318 2 7 1 602
3 -1 1 621 590 -9 4 1 678 630 3 7 1 372
4 -1 1 897 -834 -7 4 1 522 -566 5 7 1 518
5 -I 1 589 -534 -6 4 1 81 1 877 -6 8 1 552
6 -1 1 663 674 2 4 1 716 -718 -5 8 1 782
7 -I 1 459 -456 3 4 1 847 880 -3 8 1 933
9 -1 1 680 665 4 4 1 368 401 -2 8 1 522
10 -1 1 388 -348 5 4 1 725 -740 0 8 1 533
-10 1 439 475 6 4 1 271 264 3 8 1 442
10 1 436 -443 -9 5 1 352 370 -5 9 1 579
-9 1 1 505 -541 -8 5 1 639 -671 -4 9 1 746
-8 1 1 331 357 -6 5 1 754 854 -2 9 1 703
-7 1 1 564 636 -5 5 1 1069--1 194 -1 9 1 416
-6 1 1 818 -890 -3 5 1 416 420 -7 10 1 357
3 1 1 1349--1328 -2 5 1 510 -555 -6 10 1 346
5 1 1 491 504 0 5 1 797 842 -4 to 1 474
6 1 1 388 -431 1 5 1 497 -51 1 -3 10 1 424
8 1 1 634 620 3 5 1 904 916 -1 10 1 416
-1 1 2 1 381 387 4 5 1 549 -561 0 10 1 213
-9 2 1 388 -446 6 5 1 439 457 2 to 1 260
-8 2 1 746 821 -8 6 1 487 -552 -6 11 1 385
-6 2 1 789 -892 -7 6 1 833 881 -3 11 1 354
-5 2 1 782 826 -5 6 1 1012-■1070 -2 11 1 354
i
IOFC H K L IOFO IOFC H K L IOFO IOFC
-552 0 11 1 395 373 8 -7 2 715 710
435 -2 12 1 399 -311 11 -7 2 333 268
-632 3-12 2 435 -405 -6 -6 2 412 -375
607 l-l 1 2 327 330 -3 -6 2 693 -699
-601 4-1 1 '2 417 403 -2 -6 2 716 753
574 7-1 1 2 322 334 0 -6 2 534 -538
-698 2-10 2 495 -497 1 -6 2 351 387
716 5-1C 2 547 -528 2 -6 2 372 408
-746 6-10 2 359 353 4 -6 2 494 480
552 -3 -9 2 489 440 5 -6 2 366 347
-402 -2 -9 2 372 -333 6 -6 2 1040--1008
610 0 -9 2 354 307 7 -6 2 356 391
-381 3 -9 2 5 22 533 8 -6 2 453 41 1
503 4 -9 2 333 -350 9 -6 2 497 -494
-548 5 -9 2 380 -361 -5 -5 2 487 480
840 6 -9 2 615 660 -4 -5 2 673 -697
1005 9 -9 2 354 353 -2 -5 2 1062 1 136
555 -2 -8 2 543 -579 -1 -5 2 624 -615
-508 -1 -8 2 388 376 0 -5 2 768 -769
-433 1 -8 2 403 -381 1 -5 2 1285 1292
603 2 -8 2 403 427 2 -5 2 385 -421
-796 4 -8 2 594 -640 5 -5 2 596 -612
723 6 -8 2 439 472 6 -5 2 603 -613
-41 1 7 -8 2 579 -600 7 -5 2 847 801
-359 10 -8 2 321 -325 9 -5 2 530 -514
346 -4 -7 2 473 473 10 -5 2 528 475
-487 -3 -7 2 488 -496 -4 -4 2 847 -892
415 -1 -7 2 693 747 -3 -4 2 618 647
-420 0 -7 2 520 -538 -2 -4 2 515 537
181 2 -7 2 428 428 0 -4 2 594 582
-240 4 -7 2 368 -362 1 -4 2 531 565
392 5 -7 2 698 768 3 -4 2 698 616
324 6 -7 2 364 -338 5 -4 2 761 -623
-352 7 -7 2 495 -492 8 -4 2 840 -795
cn
H K L 10F0 IOFC H K L IOFO IOFC H K L IOFO
10 -4 2 558 520 -8 0 2 689 767 -4 4 2 532
11 -4 2 438 -378 -6 0 2 933-1081 -3 4 2 339
-9 -3 2 398 410 -4 0 2 566 637 0 4 2 327
-6 -3 2 456 521 -3 0 2 286 —2S9 1 4 2 868
-5 -3 2 505 -510 5 0 2 386 436 2 4 2 489
-2 -3 2 775 -780 6 0 2 676 -686 3 4 2 861
-1 -3 2 538 -561 8 0 2 403 363 4 4 2 825
5 -3 2 513 -451 9 0 2 489 -495 7 4 2 383
6 -3 2 746 732 -10 1 2 324 -334 -10 5 2 332
8 -3 2 479 -478 -8 1 2 754 843 -7 5 2 825
9 -3 2 664 619 -7 1 2 618 -729 -6 5 2 677
-8 -2 2 446 -486 -5 1 2 1034 1098 -5 5 2 679
-7 -2 2 425 481 3 1 2 706 -652 -3 5 2 584
-5 -2 2 536 -526 5 1 2 365 -360 -2 5 2 658
-3 -2 2 61 1 653 6 1 2 366 -339 -1 5 2 940
4 -2 2 650 -638 7 1 2 466 456 0 5 2 345
6 -2 2 488 487 -10 2 2 388 -440 1 5 2 470
7 -2 2 657 -640 -7 2 2 868 -977 2 5 2 775
9 -2 2 555 526 -6 2 2 613 617 4 5 2 594
10 -2 2 482 -463 3 2 2 336 280 5 5 2 705
-10 - 1 2 312 329 4 2 2 868 859 7 5 2 482
-9 - 1 2 526 -582 5 2 2 955 -957 -8 6 2 380
-7 - 1 2 657 750 8 2 2 335 -341 -7 6 2 368
-5 - 1 2 362 -406 -9 3 2 448 520 -6 6 2 847
-4 - 1 2 424 444 -8 3 2 467 -539 -4 6 2 673
-3 - 1 2 1371--1398 -6 3 2 876 848 -3 6 2 847
3 - 1 2 718 -645 -5 3 2 840 -852 -2 6 2 451
4 - 1 2 775 -727 2 3 2 440 -438 0 6 2 840
5 - 1 2 854 809 3 3 2 969 978 2 6 2 540
6 - 1 2 422 -425 5 3 2 833 -818 3 6 2 533
7 - 1 2 334 -313 6 3 2 563 560 5 6 2 396
8 - ) 2 539 535 -8 4 2 624 -718 6 6 2 448
10 - 1 2 346 -359 -7 4 2 710 740 -8 7 2 494
-9 0 2 464 -517 -5 4 2 1213--1329 -4 7 2 680
I
IOFC H K L IOFO IOFC H K L IOFO IOFC
513 -3 7 2 510 -540 7-10 3 426 -379
374 -2 7 2 876 894 -4 -9 3 445 390
340 -,1 7 2 365 -388 -1 -9 3 335 315
-860 0 7 2 403 -372 2 -9 3 423 450
535 1 7 2 409 429 4 -9 3 395 -439
829 3 7 2 333 -334 5 -9 3 531 512
-863 4 7 2 513 525 7 -9 3 492 -487
-408 -10 8 2 398 -401 8 -9 3 410 442
360 -5 8 2 495 547 -4 -8 3 329 305
947 -4 8 2 833 -875 -3 -8 3 471 -496
-751 -2 8 2 466 488 -1 -8 3 434 428
-749 -1 8 2 782 -825 0 -8 3 586 -543
-630 4 8 2 350 331 2 -8 3 334 304
-686 -9 9 2 437 431 3 -8 3 496 -535
984 -4 9 2 356 -361 5 -8 3 449 478
-360 -3 9 2 627 642 6 -8 3 561 -620
-495 -1 9 2 500 -481 8 -8 3 534 536
776 0 9 2 434 443 9 -8 3 418 -400
-627 -8 10 2 456 -477 -5 -7 3 423 374
697 -6 10 2 346 328 -3 -7 3 430 -408
-463 -2 10 2 585 -585 -2 -7 3 775 800
466 0 10 2 365 314 0 -7 3 421 -469
406 - 1 10 2 294 -266 1 -7 3 339 348
-934 -4 11 2 337 316 3 -7 3 332 -312
71 1 -1 11 2 454 467 4 -7 3 590 562
-935 4- 12 3 320 294 6 -7 3 584 -597
462 5- 12 3 361 -308 7 -7 3 464 474
-841 3- 1 1 3 328 352 9 -7 3 495 -462
552 6- 1 1 3 380 356 -4 -6 3 515 -539
-524 -2- 10 3 337 -325 -3 -6 3 403 401
400 1-10 3 336 -308 -2 -6 3 825 824
-423 3- 10 3 362 348 1 -6 3 847 906
489 4- 10 3 400 -398 2 -6 3 383 -396
-760 6- 10 3 463 459 3 -6 3 373 363
Ol09
H K L IOFO IOFC H K L IOFO IOFC H K L IOFO
4 -8 3 482 460 -7 -2 3 456 480 2 2 3 385
5 -8 3 746 -678 -6 -2 3 542 -608 4 2 3 940
7 -6 3 876 840 -5 -2 3 345 360 5 2 3 322
8 -6 3 502 -446 -4 -2 3 530 556 6 2 3 768
10 -6 3 555 487 -3 -2 3 775 -796 7 2 3 355
-4 -5 3 404 -437 5 -2 3 739 724 -10 3 3 342
-3 -5 3 695 707 6 -2 3 573 -561 -8 3 3 518
-1 -5 3 1120-1098 8 -2 3 523 505 -7 3 3 912
0 -5 3 1263 1294 9 -2 3 341 -314 -2 3 3 683
2 -5 3 940 -875 -9 -1 3 380 -392 -1 3 3 545
3 -5 3 804 729 -8 -1 3 660 727 2 3 3 976
5 -5 3 468 -450 -6 -1 3 684 -733 4 3 3 1019
6 -5 3 609 588 -5 -1 3 716 711 5 3 3 510
8 -5 3 700 -675 -3 - 1 3 1213-1136 7 3 3 385
9 -5 3 398 385 4 -1 3 702 606 -9 4 3 495
10 -5 3 306 281 6 -1 3 674 -630 -7 4 3 754
1 1 -5 3 413 -369 7 - 1 3 539 512 -6 4 3 933
-8 -4 3 397 -427 9 - 1 3 581 -502 -1 4 3 761
-5 -4 3 491 -526 -7 0 3 947--1028 0 4 3 804
-3 -4 3 431 455 -5 0 3 883 947 2 4 3 754
0 -4 3 890 887 -4 0 3 311 -285 3 4 3 81 1
6 -4 3 398 444 4 0 3 596 610 5 4 3 833
7 -4 3 578 -567 5 0 3 754 -738 -1 1 5 3 385
9 -4 3 664 650 7 0 3 383 409 -8 5 3 538
-7 -3 3 563 592 8 0 3 378 -377 -6 5 3 890
-S -3 3 380 -384 -9 1 3 370 371 -5 5 3 897
-4 -3 3 463 435 -2 1 3 271 -326 -3 5 3 890
-1 -3 3 1522 1473 1 1 3 761 718 -2 5 3 688
0 -3 3 673 -635 5 1 3 840 -808 0 5 3 998
5 -3 3 663 622 6 1 3 458 439 1 5 3 505
7 -3 3 444 -434 8 1 3 378 -356 3 5 3 725
8 -3 3 418 41 1 -8 2 3 639 -680 4 5 3 404
10 -3 3 588 -530 -6 2 3 782 783 6 5 3 547
-9 -2 3 449 -465 -5 2 3 926 -898 -8 6 3 471
IOFC H K L IOFO IOFC H K L IOFO IOFC
-380 -7 6 3 515 -549 -8 1 1 3 339 344
-914 -5 6 3 648 720 -6 11 3 317 -327
-283 -4 6 3 1019-1075 -3 11 3 342 -316753 -2 6 3 833 845 0 II 3 546 -487
-368 -1 6 3 703 -71 1 6-12 4 355 320
373 1 6 3 629 662 4-1 1 4 462 -445
-523 2 6 3 434 -388 7-1 1 4 406 -423
887 4 6 3 494 508 2-10 4 324 294
-492 5 6 3 388 -412 5-10 4 479 454
540 -7 7 3 449 -469 -3 -9 4 525 -492
957 -6 7 3 505 537 -2 -9 4 422 400
1004 -4 7 3 833 -897 1 -9 4 333 330
504 -1 7 3 645 -659 3 -9 4 383 -401
-391 0 7 3 483 466 4 -9 4 329 345
-476 2 7 3 325 -309 6 -9 4 599 -629
717 5 7 3 420 -397 9 -9 4 4 1 C -378
-962 -1 1 8 3 383 -423 -4 -8 4 336 -353
752 -9 8 3 406 440 -2 -8 4 571 600
-790 -5 8 3 362 -344 -1 -8 4 359 -413
725 -3 8 3 725 741 1 -8 4 520 515
-827 -2 8 3 533 -551 4 -8 4 425 404
845 0 8 3 590 605 7 -8 4 560 531
356 -10 9 3 358 413 9 -8 4 343 -319
552 -8 9 3 388 -456 10 -8 4 378 334
-902 -5 9 3 332 -320 -6 -7 4 324 285
951 -4 9 3 383 394 -4 -7 4 402 -412
-906 -2 9 3 654 -661 -3 -7 4 41 1 399
704 -1 9 3 419 443 -1 -7 4 940 -985
-994 1 9 3 446 -418 0 -7 4 459 441
482 -9 10 3 358 -387 2 -7 4 890 -899
-690 -4 10 3 356 339 3 -7 4 425 428
400 -3 10 3 416 -41 1 5 -7 4 578 -544
-575 -1 10 3 548 488 7 -7 4 344 320
460 0 10 3 41 1 -399 8 -7 4 746 -697
«1to
H K L IOFO IOFC H K L IOFO 10FC H K L IOFO IOFC H K L IOFO IOFC H K L IOFO IOFC
10 -7 4 392 327 6 -4 4 355 -328 3 _ | 4 393 404 1 3 4 641 612 -4 6 4 618 -650
-6 -8 4 391 394 7 -4 4 329 -318 4 4 488 490 2 3 4 601 527 -3 6 4 1091 1060
-3 -6 4 655 617 8 -4 4 508 486 5 -I 4 1034 -986 3 3 4 732 -692 -2 6 4 543 -539
-2 -6 4 640 -613 10 -4 4 409 -342 6 -1 4 342 31 1 5 3 4 904 917 -1 6 4 501 -480-1 -6 4 429 -398 -8 -3 4 546 -578 7 -) 4 412 375 6 3 4 768 -738 0 6 4 585 61 1
0 -8 4 1242 1250 -5 -3 4 482 478 8 -1 4 459 -454 8 3 4 347 315 2 6 4 350 -3641 -6 4 718 -736 -3 -3 4 578 -576 -9 0 4 425 441 -1 1 4 4 387 369 3 6 4 364 355
3 -6 4 479 509 -2 -3 4 528 509 -8 0 4 629 -596 -8 4 4 507 445 6 6 4 395 363
5 -8 4 323 -326 -1 -3 4 369 345 -6 0 4 1127 1161 -7 4 4 419 -382 -1 1 7 4 388 -449
6 -6 4 782 746 0 -3 4 897 -856 -3 0 4 313 263 -6 4 4 380 -320 -8 7 4 436 -5198 -6 4 468 -467 2 -3 4 507 496 1 0 4 883 -741 -4 4 4 746 -797 -5 7 4 530 -5009 -8 4 487 497 4 -3 4 523 423 2 0 4 754 -712 -3 4 4 847 -742 -3 7 4 543 530-5 -5 4 367 -380 6 -3 4 704 -673 5 0 4 919 -906 -2 4 4 1407 1306 -2 7 4 847 -868-4 -5 4 385 369 9 -3 4 473 -441 -8 1 4 543 -580 -1 4 4 418 -382 0 7 4 593 585
-2 -5 4 623 -627 -8 -2 4 61 1 621 -7 1 4 710 716 0 4 4 41 1 -425 1 7 4 471 -482-1 -5 4 1034 1013 -7 -2 4 482 -491 -6 1 4 403 367 1 4 4 890 840 4 7 4 327 -316
0 -5 4 329 315 -5 -2 4 1041 1050 -5 1 4 1034 -940 2 4 4 449 -421 -10 8 4 518 5841 -5 4 1522--1457 -4 -2 4 439 -420 -2 1 4 2132--1763 3 4 4 446 -434 -9 8 4 342 -3562 -5 4 677 649 -2 -2 4 775 742 4 1 4 1385--1326 4 4 4 782 775 -5 8 4 395 -4053 -5 4 435 441 0 -2 4 570 -528 6 1 4 558 530 6 4 4 484 -499 -4 8 4 685 689
4 -5 4 510 -436 3 -2 4 725 -621 7 1 4 347 -352 7 4 4 419 430 -3 8 4 326 -327
5 -5 4 505 469 4 -2 4 983 912 -10 2 4 407 430 -10 5 4 370 -345 -2 8 4 533 -581
6 -5 4 533 468 5 -2 4 449 -403 -7 2 4 861 876 -7 5 4 789 -773 -1 8 4 797 818
7 -5 4 709 -660 6 -2 4 491 -452 -6 2 4 854 -775 -6 5 4 386 408 1 8 4 346 -3249 -5 4 499 499 7 -2 4 660 606 -3 2 4 833 -917 -4 5 4 81 1 -847 2 8 4 385 400
10 -5 4 390 -387 10 -2 4 405 363 1 2 4 619 -575 -3 5 4 940 984 -9 9 4 461 -481
-4 -4 4 603 564 -10 -I 4 326 -295 4 2 4 933 -894 -2 5 4 545 542 -4 9 4 261 284
-3 -4 4 509 -505 -9 4 434 431 5 2 4 1012 986 I 5 4 396 373 -3 9 4 670 -650
-2 -4 4 442 -418 -7 -I 4 782 -808 8 2 4 331 318 2 5 4 426 -412 -1 9 4 474 458
-1 -4 4 933 91 1 -6 -I 4 448 451 -9 3 4 458 -418 4 5 4 401 41 I 0 9 4 600 -590
0 -4 4 1019-■1018 -5 -1 4 362 366 -8 3 4 488 495 5 5 4 554 -537 -8 10 4 384 3871 -4 4 718 -688 -4 -1 4 469 -474 -6 3 4 940 -893 -7 6 4 351 -381 -5 10 4 428 424
3 -4 4 588 -589 -3 - 1 4 564 532 -5 3 4 754 645 -6 6 4 619 658 -2 10 4 441 3945 -4 4 577 605 -1 - 1 4 1321- 1218 -2 3 4 556 427 -5 6 4 421 -44 1 0 10 4 390 -359
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H K L 10PO IOFC H K L IOFO IOFC H K L IOFO
-6 7 5 380 -341 6 -9 6 384 344 5 -5 6 387-4 7 5 768 775 9 -9 6 415 367 7 -5 6 339
-3 7 5 739 -744 -2 -8 6 381 -375 8 -5 6 334
-1 7 5 715 694 -1 -8 6 601 576 10 -5 6 385
0 7 5 650 -655 1 -8 6 659 -615 -7 -4 6 406
2 7 5 439 404 2 -8 6 464 477 -6 -4 6 556
-1 1 8 5 454 448 4 -8 6 394 -373 -4 -4 6 614
-9 8 5 413 -400 7 -8 6 471 -474 -3 -4 6 435
-8 8 5 445 455 9 -8 6 345 333 -1 -4 6 804
-3 8 5 665 -674 -1 -7 6 681 694 0 -4 6 563
-2 8 5 608 594 0 -7 6 451 -479 3 -4 6 713
0 8 5 754 -763 1 -7 6 337 -345 4 -4 6 739
1 8 5 399 407 2 -7 6 768 756 5 -4 6 694
-10 9 5 344 -383 3 -7 6 418 -427 6 -4 6 461
-8 9 5 395 417 5 -7 6 330 290 8 -4 6 386
-7 9 5 487 -520 6 -7 6 332 -375 10 -4 6 335
-2 9 5 619 633 8 -7 6 367 385 -9 -3 6 370
- 1 9 5 436 -468 -6 -6 6 392 -372 -8 -3 6 317
1 9 5 529 544 -3 -6 6 350 -365 -6 -3 6 664
-9 10 5 367 357 -2 -6 6 554 533 -5 -3 6 648
-7 10 5 474 -475 0 -6 6 983 -979 -3 -3 6 517
-6 10 5 416 413 . 2 -6 6 446 430 -2 -3 6 497
-1 10 5 367 -358 3 -6 6 833 -824 -1 -3 6 732
0 10 5 324 303 4 -6 6 333 290 0 -3 6 502
-6 1 1 5 317 342 6 -6 6 622 -625 2 -3 6 761
4- 1 1 6 337 327 9 -6 6 451 -430 • 5 -3 6 563
-1- 10 6 390 -415 -5 -5 6 584 565 6 -3 6 639
2- 10 6 436 -388 -4 -5 6 338 -345 9 -3 6 335
5- 10 6 367 -354 -2 -5 6 663 626 -8 -2 6 535
-3 -9 6 471 444 -1 -5 6 423 -401 -7 -2 6 609
-2 -9 6 345 -31 1 0 -5 6 517 -487 -5 -2 6 797
0 -9 6 665 650 1 -5 6 976 942 -4 -2 6 761
1 -9 6 360 -378 3 -5 6 332 -314 -2 -2 6 782
3 -9 6 362 360 4 -5 6 847 821 -1 -2 6 426
I
IOFC H K L IOFO IOFC H K L IOFO IOFC
-373 0 -2 6 417 335 -6 1 6 345 -353
371 2 -2 6 524 565 -5 1 6 1601 1479
-316 3 -2 6 825 792 -4 1 6 645 -617
385 4 -2 6 1127-1123 -3 1 6 732 -721
-395 6 -2 6 530 523 1 1 6 520 542
583 7 -2 6 572 -558 3 1 6 681 -655
-581 -9 -I 6 342 -358 4 1 6 1 1 12 1070
385 -7 -1 6 833 796 6 I 6 718 -685
-754 -6 - 1 6 642 -645 7 1 6 622 575
506 -4 -1 6 1522 1419 -10 2 6 363 -322
657 -3 -1 6 698 -656 -7 2 6 542 -563
687 -2 -1 6 363 -330 -6 2 6 489 488
-679 -1 - 1 6 698 701 -5 2 6 568 544
439 0 - 1 6 580 -544 -2 2 6 398 341
-379 3 -I 6 337 -295 -1 2 6 708 -658
331 4 -I 6 768 -762 0 2 6 581 502
364 5 - 1 6 782 766 2 2 6 556 -548
-360 7 - 1 6 407 -383 4 2 6 586 544
673 8 - 1 6 444 405 5 2 6 904 -918
-633 -8 0 6 504 464 7 2 6 393 395
475 -6 0 6 1019 -938 8 2 6 359 -351
-456 -5 0 6 1 127 1026 -9 3 6 519 479
-687 -4 0 6 658 651 -6 3 6 746 696
482 -3 0 6 1335- 1 188 -5 3 6 671 -689
-705 -2 0 6 486 415 -2 3 6 612 -641
-530 -1 0 6 569 491 -1 3 6 670 -601
643 0 0 6 1371- 1 147 0 3 6 768 790
327 1 0 6 789 724 1 3 6 461 -452
-551 2 0 6 347 240 2 3 6 538 -512
582 3 0 6 1220- 1 1 17 3 3 6 517 482
-802 5 0 6 642 616 5 3 6 384 -385
795 6 0 6 703 -671 6 3 6 551 526
-761 -8 1 6 457 398 -1 1 4 6 443 -408
424 -7 1 6 568 -503 -10 4 6 353 351
0>ro
H K L IOFO IOFC H K L IOFO IOFC H K L
-8 4 6 385 -378 -8 7 6 517 500 -1 -9 7
-5 4 6 804 -830 -5 7 6 489 519 1 -9 7
-4 4 6 458 412 -3 7 6 426 -393 2 -9 7
-3 4 6 609 564 -2 7 6 890 868 4 -9 7
0 4 6 477 435 -1 7 6 353 -378 7 -9 7
1 4 6 643 -616 0 7 6 519 -539 -1 -8 7
4 4 6 428 -390 1 7 6 637 649 0 -8 7
6 4 6 352 325 4 7 6 329 306 2 -8 7
-to S 8 517 532 -10 8 6 550 -532 3 -8 7
-9 5 6 418 -425 -9 8 6 319 313 5 -8 7
-7 5 6 782 707 -7 8 6 467 -506 6 -8 7
-5 5 6 550 -485 -4 8 6 517 -499 8 -8 7
-4 5 6 695 637 -2 8 6 463 456 9 -8 7
-3 5 6 604 -61 1 -1 8 6 706 -716 -2 -7 7
-2 5 6 725 -723 1 8 6 373 375 0 -7 7
-1 5 6 1 177 1 108 2 8 6 487 -466 1 -7 7
1 5 6 662 -616 -9 9 6 444 458 3 -7 7
2 5 8 655 608 -8 9 6 347 -356 4 -7 7
5 5 6 4 16 404 -7 9 6 329 -337 7 -7 7
-1 1 6 6 385 368 -6 9 6 507 527 -4 -6 7
-9 6 6 564 -534 -3 9 6 441 417 -1 -6 7
-8 6 6 365 389 -1 9 6 340 -342 1 -6 7
-7 6 8 355 307 0 9 6 500 482 2 -6 7
-6 6 6 609 -577 2 9 6 390 -385 4 -6 7
-4 6 6 399 395 -8 10 6 467 -460 5 -6 7
-3 6 6 876 -838 -6 10 6 327 322 8 -6 7
-2 6 8 507 487 -5 10 6 350 -373 -6 -5 7
-1 6 6 563 579 0 10 6 320 294 -4 -5 7
0 6 6 883 -857 -7 1 1 6 407 398 -3 -5 7
2 6 6 387 369 -4 1 1 6 342 348 -1 -5 7
3 6 6 472 -459 3- 1 1 7 334 272 0 -5 7
5 6 8 336 324 0- 10 7 345 31 1 2 -5 7
-1 1 7 6 432 402 1 - 10 7 439 -421 3 -5 7
-10 7 6 489 -456 4- 10 7 347 -326 5 -5 7
IOFO IOFC H K L IOFO IOFC H K L IOFO IOFC
473 455 6 -5 7 546 527 8 -2 7 463 440
363 -337 8 -5 7 363 -362 9 -2 7 332 -294
369 312 , 9 -5 7 368 362 -8 -1 7 403 362
328 -337 -8 -4 7 397 -403 -6 -1 7 754 -747
375 -337 -6 -4 7 450 440 -5 -1 7 1349 1300
543 505 -5 -4 7 687 -683 -3 -1 7 962 -883
685 -667 -3 -4 7 483 454 -2 -1 7 912 855
412 412 -2 -4 7 562 -536 -1 -1 7 520 -488
367 -369 -1 -4 7 369 348 0 -1 7 612 -593
320 31 1 0 -4 7 483 507 1 -1 7 897 915
289 -294 1 -4 7 629 -609 3 - 1 7 739 -729
404 376 3 -4 7 1220 1207 4 - 1 7 636 639
338 -277 4 -4 7 654 -841 6 - 1 7 861 -865
367 377 6 -4 7 510 51 1 7 - 1 7 500 478
557 -553 7 -4 7 365 -365 -7 0 7 694 -647
644 636 -7 -3 7 664 663 -5 0 7 1084 1051
606 -551 -5 -3 7 499 -487 -4 0 7 1206-■1097
589 602 -4 -3 7 732 703 -2 0 7 1 199 1074
431 370 -2 -3 7 642 -628 -1 0 7 1249--1126
517 -509 -1 -3 7 673 643 2 0 7 775 -712
698 -667 1 -3 7 789 -800 4 0 7 955 889
574 558 2 -3 7 1 199 1 104 5 0 7 702 -678
739 -750 4 -3 7 1019 -960 7 0 7 688 644
469 467 5 -3 7 617 572 -9 1 7 380 378
466 -487 -9 -2 7 366 -383 -7 1 7 507 -490
467 -421 -7 -2 7 403 364 -6 1 7 591 626
456 472 -6 -2 7 890 -841 3 1 7 768 725
450 -441 -4 -2 7 933 949 5 1 7 789 -737
393 401 -3 -2 7 890 -885 6 1 7 525 493
451 -437 -1 -2 7 761 701 8 1 7 336 -342
890 845 0 -2 7 868 -761 -1 1 2 7 410 -372
797 -808 3 -2 7 789 -776 -9 2 7 391 406
761 725 5 -2 7 739 774 -8 2 7 421 -436
590 -552 6 -2 7 496 -460 -6 2 7 403 41 1
o>w
H K L IOFO IOFC H K L IOFO IOFC H K L IOFO
-5 2 7 690 -704 -2 5 7 825 786 -7 9 7 463
0 2 7 660 653 0 5 7 983 -912 -5 9 7 390
1 2 7 464 -440 1 5 7 683 619 -2 9 7 489
3 2 7 666 620 3 5 7 507 -493 1 9 7 470
4 2 7 465 -450 4 5 7 319 308 -9 10 7 355
6 2 7 698 680 -10 6 7 496 -474 -7 10 7 487
-10 3 7 535 500 -8 6 7 493 447 -6 10 7 414
-8 3 7 422 -401 -7 6 7 649 -598 -4 10 7 330
-7 3 7 350 364 -5 6 7 451 397 -6 11 7 384
-5 3 7 912 -850 -4 6 7 512 -473 2-1 1 8 335
-4 3 7 962 887 -2 6 7 811 814 2-10 8 408
-1 3 7 797 719 -1 6 7 732 -722 5-10 8 360
1 3 7 854 -801 1 6 7 81 1 809 0 -9 8 615
2 3 7 524 498 2 6 7 447 -421 3 -9 8 385
4 3 7 398 -369 4 6 7 380 385 6 -9 8 317
5 3 7 350 324 -10 7 7 444 -436 0 -8 8 350
7 3 7 428 -429 -9 7 7 624 605 1 -8 8 761
-10 4 7 367 356 -7 7 7 452 -438 2 -8 8 454
-9 4 7 599 -580 -6 7 7 461 452 4 -8 8 404
-7 4 7 439 387 -4 7 7 371 -377 7 -8 8 357
-6 4 7 775 -709 -3 7 7 61 1 600 -3 -7 8 362
-4 4 7 713 692 -1 7 7 732 -747 -1 -7 8 425
-3 4 7 652 -640 0 7 7 581 588 0 -7 8 390
-1 4 7 1242 1 134 2 7 7 447 -462 1 -7 8 413
0 4 7 1191--1 172 3 7 7 316 324 2 -7 8 713
2 4 7 584 579 -9 8 7 454 445 3 -7 8 415
3 4 7 502 -489 -8 8 7 593 -602 5 -7 8 359
5 4 7 336 332 -6 8 7 344 346 6 -7 8 524
-1 1 5 7 513 478 -3 8 7 438 441 8 -7 8 386
-9 5 7 372 -330 -2 8 7 490 -494 -6 -6 8 391
-8 5 7 565 540 0 8 7 558 513 -5 -6 8 315
-6 5 7 685 -683 1 8 7 349 -365 -2 -6 8 387
-5 5 7 515 462 -10 9 7 396 401 0 -6 8 499
-3 5 7 617 -592 -8 9 7 489 -492 1 -6 8 444
IOFC H K L IOFO IOFC H K L IOFO IOFC
430 2 -6 8 447 -454 3 -3 8 1034-1042
-369 3 -6 8 804 775 5 -3 8 617 596
-447 4 -6 8 381 -377 6 -3 8 703 -705
-456 6 -6 8 535 507 -8 -2 8 448 401
-293 7 -6 8 332 -280 -7 -2 8 528 -507
492 -7 -5 8 356 368 -5 -2 8 1012 1002
-412 -5 -5 8 570 -538 -4 -2 8 782 -736
308 -4 -5 8 410 371 -2 -2 8 619 612
-374 -2 -5 8 367 -329 -1 -2 8 366 -349
306 -1 -5 8 41 1 41 I 0 -2 8 256 -260
358 1 -5 8 797 -790 1 -2 8 940 868
309 2 -5 8 412 358 2 -2 8 545 -485
-572 3 -5 8 490 480 4 -2 8 854 839
-383 4 -5 8 1055-1030 6 -2 8 595 -585
-302 7 -5 8 355 -350 7 -2 8 654 641
-31 1 -7 -4 8 391 389 -7 -1 8 566 -576
727 -6 -4 8 519 -494 -6 -1 8 433 412
-426 -4 -4 8 861 835 -5 -1 8 370 397
400 -1 -4 8 789 787 -4 -1 8 1120-1020
351 0 -4 8 500 -465 -3 -1 8 562 520
361 2 -4 8 983 947 -1 -1 8 1 105-■1043
-406 3 -4 8 497 -484 0 -1 8 680 642
378 4 -4 8 739 -754 1 -1 8 339 302
398 5 -4 8 912 867 2 -1 8 378 -367
-707 7 -4 8 329 -31 1 3 -1 8 383 401
407 -8 -3 8 314 330 4 -1 8 624 573
-330 -6 -3 8 662 -662 5 -1 8 854 -823
497 -5 -3 8 718 678 -7 0 8 310 -328
-361 -3 -3 8 897 -854 -6 0 8 624 586
405 -2 -3 8 466 474 -5 0 8 641 -61 1
-325 -1 -3 8 405 342 -4 0 8 410 -360
-377 0 -3 8 782 -737 -3 0 8 962 938
527 1 -3 8 642 650 -2 0 8 553 -505
-443 2 -3 8 453 464 -1 0 8 693 -645
o>
H K L IOFO IOFC H K L IOFO IOFC H K L IOFO
0 0 8 518 598 0 3 8 1048 -983 -3 6 8 775
1 0 8 504 -489 1 3 8 526 486 -2 6 8 394
3 0 8 890 798 2 3 8 338 317 -1 6 8 556
5 0 8 473 -417 3 3 8 622 -590 0 6 8 716
6 0 8 657 589 5 3 8 362 349 2 6 8 615
-8 1 8 490 -538 6 3 8 459 -446 3 6 8 439
-5 1 8 451 -564 -11 4 8 435 395 -10 7 8 345
0 1 8 534 492 -10 4 8 510 -496 -9 7 8 322
1 1 8 840 -764 -8 4 8 558 514 -8 7 8 615
2 1 8 450 436 -6 4 8 329 -315 -7 7 8 396
3 1 8 389 334 -5 4 8 876 786 -5 7 8 462
4 1 8 672 -669 -4 4 8 450 -451 -2 7 8 515
6 1 8 432 391 -2 4 8 1263 1210 0 7 8 553
7 1 8 474 -430 0 4 8 631 -644 1 7 8 520
-10 2 8 474 464 1 4 8 890 900 3 7 8 336
-9 2 8 402 -393 3 4 8 436 -428 -10 8 8 505
-7 2 8 464 445 4 4 8 474 459 -7 8 8 616
-5 2 8 361 -329 -10 5 8 590 -556 -4 8 8 441
-4 2 8 1 120 1071 -9 5 8 409 408 -1 8 8 515
-3 2 8 446 -429 -7 5 8 638 -623 1 8 8 334
-2 2 8 541 -476 -6 5 8 317 347 2 8 8 468
0 2 8 336 -352 -4 5 8 530 -520 -9 9 8 409
1 2 8 588 -553 -3 5 8 559 560 -6 9 8 609
2 2 8 718 676 -2 5 8 571 552 0 9 8 416
5 2 8 493 491 -1 5 8 926 -867 -8 10 8 387
7 2 8 418 -401 0 5 8 350 345 -6 10 8 334
-1 1 3 8 406 372 1 5 8 532 501 -5 10 8 550
-9 3 8 548 -525 2 5 8 833 -837 -5 1 1 8 340
-6 3 8 565 -540 4 5 8 242 237 -4 1 I 8 367
-5 3 8 495 431 5 5 8 340 -320 1- 10 9 400
-4 3 8 565 547 -9 6 8 667 638 4- 10 9 401
-3 3 8 104 1 -993 -8 6 8 470 -456 -1 -9 9 389
-2 3 8 847 843 -6 6 8 549 500 2 -9 9 351
-1 3 8 739 772 -4 6 8 381 -341 5 -9 9 388
IOFC H K L IOFO IOFC H K L IOFO IOFC
748 0 -8 9 512 467 3 -4 9 703 -702
-380 2 -8 9 51 1 -498 4 -4 9 671 646
-530 ,3 -8 9 431 429 6 -4 9 620 -626
700 5 -8 9 378 -359 -7 -3 9 483 -457
-571 6 -8 9 334 294 -5 -3 9 556 553
435 -5 -7 9 338 -279 -4 -3 9 969 -939
313 -3 -7 9 347 322 -2 -3 9 661 637
306 0 -7 9 464 443 -1 -3 9 651 -610
-582 1 -7 9 561 -540 2 -3 9 702 -703
374 3 -7 9 626 623 4 -3 9 746 742
-461 4 -7 9 536 -515 5 -3 9 598 -614
-471 6 -7 9 355 332 7 -3 9 628 625
515 7 -7 9 350 -31 1 8 -3 9 317 -316
-546 -4 -6 9 493 476 -7 -2 9 413 -408
329 -1 -6 9 477 482 -6 -2 9 630 596
487 1 -6 9 578 -602 -4 -2 9 601 -624
605 2 -6 9 596 589 -3 -2 9 890 933
414 4 -6 9 789 -738 -2 -2 9 340 -305
497 5 -6 9 594 573 -1 -2 9 517 -538
-357 -6 -5 9 505 -477 0 -2 9 435 477
439 -4 -5 9 568 529 2 -2 9 599 -583
-401 -3 -5 9 669 -654 3 -2 9 606 582
-579 -1 -5 9 352 338 5 -2 9 651 -644
-404 0 -5 9 646 -629 6 -2 9 515 51 1
351 2 -5 9 485 463 8 -2 9 430 -424
-324 3 -5 9 833 -789 -6 -1 9 500 460
536 5 -5 9 854 814 -5 -1 9 761 -719
348 6 -5 9 324 -344 -3 -1 9 732 699
-353 -6 -4 9 356 -320 -2 -1 9 701 -682
385 -5 -4 9 655 632 0 -1 9 618 613
375 -3 -4 9 532 -512 1 -1 9 725 -647
-372 -2 -4 9 739 715 3 -1 9 606 578
-398 0 -4 9 530 -520 4 9 603 -585
-367 1 -4 9 539 547 6 -1 9 535 508
o>U1
H K L IOFO IOFC H K L IOFO IOFC H K L
-5 0 9 567 -526 4 3 9 502 481 -9 8 9
-4 0 9 990 915 -9 4 9 570 553 -8 8 9
-2 0 9 1256-1123 -7 4 9 413 -409 -6 8 9
-t 0 9 1 156 1050 -4 4 9 454 -409 -5 8 9
1 0 9 693 -596 -1 4 9 1019 -976 1 8 9
2 0 9 627 569 0 4 9 926 926 -7 9 9
4 0 9 629 -598 2 4 9 746 -717 -5 9 9
5 0 9 383 367 3 4 9 369 346 -4 9 9
7 0 9 525 -492 -9 5 9 437 418 -2 9 9
-9 1 9 489 -487 -8 5 9 690 -659 -7 10 9
-6 1 9 347 -371 -6 5 9 606 564 -6 10 9
0 1 9 868 -811 -5 5 9 686 -637 -4 10 9
2 1 9 489 521 -3 5 9 479 437 2-10 10
3 1 9 642 -661 -2 5 9 732 -702 0 -9 10
5 1 9 475 455 0 5 9 919 875 3 -9 to
-9 2 9 352 -344 1 5 9 624 -616 -2 -8 10
-8 2 9 591 546 2 5 9 433 -423 1 -8 10
-5 2 9 713 733 3 5 9 545 535 2 -8 to
-3 2 9 912 -877 -10 6 9 434 425 4 -8 10
-2 2 9 1 148 1048 -8 6 9 643 -591 1 -7 10
0 2 9 1012 -948 -7 6 9 603 594 2 -7 10
1 2 9 680 660 -5 6 9 477 -445 3 -7 10
3 2 9 538 -552 -2 6 9 590 -609 5 -7 10
4 2 9 392 42 2 -1 6 9 424 388 -3 -6 10
6 2 9 476 -485 1 6 9 718 -671 -2 -6 10
-10 3 9 553 -508 -10 7 9 335 348 0 -6 10
-8 3 9 353 385 -9 7 9 556 -503 1 -6 to
-7 3 9 423 -419 -7 7 9 525 538 3 -6 10
-5 3 9 598 560 -6 7 9 535 -526 5 -6 10
-4 3 9 789 -793 -4 7 9 337 321 6 -6 10
-2 3 9 890 829 -3 7 9 372 -376 -5 -5 10
-1 3 9 998 -984 -1 7 9 543 530 -4 -5 10
1 3 9 732 761 0 7 9 400 -381 -2 -5 10
2 3 9 606 -573 2 7 9 476 438 -I -5 10
IOFO IOFC H K L IOFO IOFC H K L IOFO IOFC
372 -387 1 -5 10 452 426 2 -2 10 346 401
461 428 2 -5 10 524 -490 4 -2 to 590 -607
533 -508 3 -5 10 317 -313 6 -2 10 324 325
418 41 1 '4 -5 10 782 761 7 -2 10 435 -440
362 370 6 -5 10 319 -289 -7 -1 10 413 351
500 -523 7 -5 to 416 407 -6 -J 10 337 -339
482 454 -6 -4 10 488 459 -4 -I 10 976 969
383 -328 -4  -4 to 804 -781 -3 -I 10 466 -472
332 347 -3 -4 10 516 505 -1 -1 10 1256 1234
365 -376 -1 -4 10 562 -558 0 -1 10 639 -623
426 394 2 -4 10 436 -423 1 -1 10 398 -417
535 -507 3 -4 10 401 443 2 -1 10 609 587
383 -373 4 -4 to 507 489 4 -1 10 277 -292
347 352 5 -4 10 660 -692 5 -1 10 472 492
389 383 7 -4 10 335 303 7 -1 10 388 -386
347 -300 8 -4 10 327 -343 -9 0 10 432 -374
623 -608 -6 -3 10 428 394 -8 0 10 418 349
348 284 -5 -3 10 454 -432 -6 0 10 426 -399
477 -457 -4 -3 10 367 -355 -5 0 10 465 436
319 -317 -3 -3 10 761 745 -4 0 10 329 327
725 707 -2 -3 10 373 -385 -3 0 10 1055-1006
337 -334 0 -3 10 602 605 -2 0 10 667 587
490 510 1 -3 10 378 -399 -1 0 10 868 808
695 -621 3 -3 10 545 510 0 0 10 1263- 1085
404 415 6 -3 10 622 586 1 0 10 639 599
434 -448 8 -3 10 319 -296 3 0 10 445 -447
418 41 1 -8 -2 10 414 -376 6 0 10 480 -486
645 -645 -5 -2 10 574 -542 -10 1 10 375 -345
587 602 -4 -2 10 519 531 -8 1 to 515 534
456 -458 -3 -2 10 378 369 -7 1 10 4 22 -510
546 525 -2 -2 10 746 -784 0 1 10 598 -591
534 -520 -1 -2 10 451 464 1 1 10 868 856
553 521 0 -2 10 482 464 4 1 10 495 527
371 -369 1 -2 10 833 -841 6 1 10 356 -309
O)O)
H K L IOFO IOFC H K L IOFO IOFC H K L IOFO
-to 2 to 450 -418 -7 5 10 775 727 3 -7 1 1 559
-9 2 10 372 354 -6 5 10 334 -313 4 -7 1 1 428
-7 2 to 586 -577 -4 5 10 512 522 6 -7 1 1 403
-4 2 to 861 -859 -1 5 10 652 599 -5 -6 1 1 361
-3 2 10 531 520 1 5 10 522 -511 -4 -6 1 1 490
-2 2 10 578 568 2 5 10 670 680 -1 -6 1 1 345
-1 2 10 1012--1025 -9 6 10 655 -627 4 -6 1 1 471
0 2 10 372 376 -8 6 to 387 388 5 -6 1 1 387
1 2 10 562 574 -6 6 10 664 -656 -6 -5 1 1 - 361
2 2 10 698 -704 -5 6 10 324 293 -4 -5 1 1 335
5 2 10 436 -432 -3 6 10 413 -398 -3 -5 I I 695
-9 3 10 634 602 0 6 10 484 -483 -1 -5 1 1 327
-8 3 10 436 -431 3 6 10 531 -530 0 -5 1 1 349
-6 3 10 515 479 -8 7 10 586 599 3 -5 1 1 436
-5 3 10 469 -466 -5 7 10 575 533 5 -5 1 1 626
-3 3 10 665 658 -2 7 10 369 386 6 -5 1 1 426
-2 3 10 492 -513 0 7 10 357 -340 -6 -4 1 1 361
-1 3 10 625 -639 1 7 10 392 364 -5 -4 1 1 41 1
0 3 10 976 965 -7 8 10 492 -491 -3 -4 1 I 692
2 3 10 556 -518 -6 8 1C 324 315 -2 -4 1 1 642
3 3 10 543 521 -5 8 10 382 357 0 -4 1 1 426
-10 4 10 385 355 -4 8 10 464 -445 3 -4 1 1 347
-8 4 1 0 561 -545 -2 8 10 340 291 4 -4 1 1 559
-7 4 10 455 439 -1 8 10 431 -365 6 -4 1 1 469
-5 4 10 732 -695 -6 9 10 602 544 -7 -3 1 1 375
-4 4 10 432 406 -4 9 10 358 -347 -4 -3 I 1 658
-2 4 10 646 -613 -5 10 10 571 -558 -2 -3 1 I 631
-1 4 10 402 393 2 -9 11 385 385 -1 -3 1 1 634
0 4 10 718 713 4 -9 11 324 -321 1 -3 1 1 599
1 4 10 789 -789 0 -8 11 357 -337 2 -3 1 1 563
3 4 10 458 451 2 -8 11 394 407 4 -3 1 I 340
4 4 10 360 -366 3 -8 11 493 -500 5 -3 1 1 431
-10 5 10 453 399 5 -8 11 332 343 7 -3 1 1 470
-9 5 10 44 1 -405 -2 -7 11 447 438 -6 -2 1 1 516
IOFC H K L 1OFO IOFC H K . IOFO IOFC
-484 -4 -2 1 607 620 -2 2 1 655 -634
425 -3 -2 1 818 -805 0 2 1 904 920
-434 -1 -2 1 588 596 I 2 1 599 -631
299 O' -2 1 804 -770 3 2 1 573 591
-518 2 -2 1 561 594 4 2 1 408 -369
-330 3 -2 1 477 -481 -10 3 1 413 392
464 5 -2 1 401 422 -8 3 1 489 -478
-410 6 -2 1 338 -350 -7 3 1 517 506
366 -6 -1 1 348 -349 -5 3 1 586 -598
-380 -5 -1 1 610 603 -4 3 1 554 615
665 -3 -1 1 626 -609 -3 3 1 341 -274
-313 -2 -1 1 668 871 -2 3 1 409 -453
350 0 -1 1 983 -993 -1 3 1 641 619
437 1 -1 1 624 645 1 3 1 804 -792
-621 3 -1 1 309 -319 2 3 1 379 378
443 4 -1 1 411 438 4 3 1 487 -498
324 6 -1 1 450 -441 -9 4 1 523 -503
-414 7 -1 1 318 305 -7 4 1 650 677
676 -7 0 1 533 -493 -6 4 1 624 -616
-652 -2 0 1 940 918 -4 4 1 328 299
416 -1 0 1 955 -941 -3 4 1 321 -288
321 1 0 1 619 656 -1 4 1 564 589
-534 2 0 1 571 -568 0 4 1 543 -583
462 4 0 1 456 446 2 4 1 558 552
339 -9 1 1 557 553 3 4 1 383 -372
639 0 1 1 623 619 -9 5 1 394 -376
-613 2 1 1 596 -577 -8 5 1 676 691
630 3 1 1 530 521 -6 5 1 553 -534
-559 5 1 1 350 -360 -5 5 1 556 550
608 -9 2 1 456 402 -2 5 1 346 306
-357 -8 2 1 631 -584 0 5 1 418 -390
420 -6 2 1 320 321 1 5 1 540 528
-458 -5 2 1 559 -543 3 5 1 509 -501
-504 -3 2 1 620 582 -8 6 1 565 548
Cl
H K L IOFO IOFC H K L IOFO IOFC H K L IOFO
7 6 1 t 589 -580 2 -5 12 340 348 1 -1 12 395
5 & 1 1 485 438 4 -5 12 491 -520 2 -1 12 551
4 6 1 1 464 -447 6 -5 12 318 330 5 -1 12 495
2 8 1 1 479 467 -6 -4 12 270 -261 -8 0 12 385
1 6 1 1 340 -296 -4 -4 12 434 440 -2 0 12 485
1 6 1 1 413 405 -3 -4 12 388 -368 -1 0 12 550
2 6 1 1 370 -341 -1 -4 12 725 737 0 0 12 847
9 7 1 I 370 350 2 -4 12 435 466 1 0 12 384
7 7 1 1 463 -434 3 -4 12 499 -484 2 0 12 378
6 7 1 1 479 489 5 -4 12 439 435 3 0 12 435
4 7 1 1 599 -573 -6 -3 12 398 -390 -8 1 12 515
3 7 1 1 404 405 -5 -3 12 381 378 -7 1 12 393
1 7 1 1 440 -453 -3 -3 12 746 -742 0 1 12 408
0 7 1 1 337 282 -2 -3 12 491 459 1 1 12 854
8 8 1 1 359 -316 -1 -3 12 322 298 4 1 12 487
6 8 1 1 553 514 0 -3 12 761 -767 -9 2 12 312
5 8 1 1 558 -567 1 -3 12 388 406 -7 2 12 655
3 8 1 1 463 446 3 -3 12 41 I -441 -4 2 12 587
2 8 1 1 384 -350 6 -3 12 464 -453 -3 2 12 382
7 9 1 1 330 325 -5 -2 12 369 361 -1 2 12 599
5 9 1 1 489 -492 -4 -2 <2 433 -446 1 2 12 512
4 9 1 1 408 406 -3 -2 12 305 -302 2 2 12 674
3 -9 12 329 -328 -2 -2 12 754 796 -9 3 12 477
4 -8 12 385 368 -1 -2 12 487 -507 -8 3 12 391
3 -7 12 323 292 0 -2 12 478 -485 -6 3 12 660
0 -7 12 309 261 1 -2 12 673 675 -3 3 12 385
2 -7 12 368 -352 4 -2 12 371 393 0 3 12 629
5 -7 12 437 -437 -7 -1 12 439 -438 2 3 12 337
3 -6 12 495 466 -6 -1 12 331 326 3 3 12 593
0 -6 12 339 324 -4 -1 12 626 -592 -8 4 12 597
6 -6 12 479 456 -3 -1 12 411 405 -7 4 12 483
5 -5 12 461 -430 -2 -1 12 424 392 -6 4 12 384
4 -5 12 332 325 -1 -1 12 976 -986 -5 4 12 550
2 -5 12 631 -608 0 -1 12 347 338 0 4 12 325
IOFC H K L IOFO IOFC H K L IOFO IOFC
438 1 4 12 609 587 -5 -4 13 367 351
-587 3 4 12 433 -419 -3 -4 13 533 -498
-482 -7 5 12 647 -644 -2 -4 13 614 62S
-351 -6 5 12 449 449 0 -4 13 420 -437
-474 -5 5 12 367 366 1 -4 13 435 438
-549 -4 5 12 632 -625 4 -4 13 429 448
802 -1 5 12 386 -389 6 -4 13 357 -368
-369 0 5 12 314 343 -4 -3 13 455 -449
-356 1 5 12 348 360 -2 -3 13 607 618
434 2 5 12 525 -507 -1 -3 13 585 -591
-576 -9 6 12 404 41 1 1 -3 13 596 631
4S7 -6 6 12 560 538 2 -3 13 441 -457
412 -5 6 12 374 -374 5 -3 13 352 -329
-873 -4 6 12 367 -365 -6 -2 13 431 407
-469 -3 6 12 598 555 -4 -2 13 318 -344
-289 0 6 12 467 441 -3 -2 13 548 557
644 -8 7 12 390 -408 -1 -2 13 583 -604
600 -5 7 12 677 -653 0 -2 13 713 724
-380 -4 7 12 341 273 2 -2 13 540 -557
575 -2 7 12 515 -481 3 -2 13 431 486
-513 -7 8 12 358 338 -6 -1 13 371 348
677 -4 8 12 540 543 -5 -1 13 414 -402
-486 -2 -7 13 344 -342 -3 -1 13 375 366
373 4 -7 13 419 -372 -2 -1 13 586 -610
-636 -4 -6 13 431 398 0 -1 13 714 744
-430 -2 -6 13 361 -338 1 -1 13 486 -491
-629 -1 -6 13 423 400 3 -1 13 438 439
365 2 -6 13 330 337 -7 0 13 428 415
-571 5 -6 13 406 390 -4 0 13 324 326
600 -3 -5 13 589 -595 -2 0 13 464 -473
-471 -1 -5 13 436 437 -1 0 13 691 669
-395 0 -5 13 446 -434 1 0 13 754 -719
542 3 -5 13 475 -454 2 0 13 623 61 1
-365 5 -5 13 376 386 -7 1 13 395 501
a>co
H K L IOFO IOFC H K L IOFO IOFC H K L IOFO
0 1 13 519 -531 -5 6 13 435 -440 -4 -1 14 327
2 1 13 661 659 -4 6 13 812 641 -3 -1 14 320
3 t 13 456 -464 -2 6 13 353 -334 -1 -1 14 631
-8 2 13 505 491 -1 6 13 321 297 0 -1114 395
-6 2 13 426 -451 -7 7 13 352 341 1 -1 14 359
-5 2 13 558 595 -6 7 13 378 -391 2 -1 14 597
-2 2 13 372 390 -4 7 13 497 502 -6 0 14 497
0 2 13 433 -434 -3 7 13 392 -372 -3 0 14 418
1 2 13 578 593 -1 7 13 378 378 0 0 14 635
3 2 13 477 -459 -5 8 13 324 346 2 0 14 457
4 2 13 382 355 -1 -7 14 362 352 3 0 14 489
-8 3 13 420 438 -3 -6 14 404 -391 -8 1 14 499
-7 3 13 619 -593 0 -6 14 396 -401 -7 1 14 387
-5 3 13 545 525 1 -6 14 310 362 I 1 14 530
-4 3 13 525 -519 -2 -5 14 613 580 3 1 14 360
-2 3 13 323 329 -4 -4 14 327 -309 -7 2 14 530
- 1 3 13 367 -361 -3 -4 14 391 356 -6 2 14 410
1 3 13 617 622 -2 -4 14 348 318 -4 2 14 606
2 3 13 382 -367 -1 -4 14 698 -71 1 -1 2 14 449
-7 4 13 560 -563 2 -4 14 413 -427 1 2 14 381
-6 4 13 609 592 -3 -3 14 472 487 2 2 14 534
-4 4 13 553 -503 -2 -3 14 341 -329 -6 3 14 707
-3 4 13 396 370 0 -3 14 640 631 -3 3 14 622
- 1 4 13 372 -364 2 -3 14 341 -367 -2 3 14 434
0 4 13 492 472 3 -3 14 384 391 0 3 14 440
2 4 13 538 -530 4 -3 14 351 -338 2 3 14 360
-8 5 13 431 -439 -5 -2 14 314 -31 1 -8 4 14 388
-6 5 13 502 524 -4 -2 14 360 326 -7 4 14 408
-5 5 13 568 -579 -2 -2 14 434 -465 -5 4 14 657
-3 5 13 512 52 2 -1 -2 14 413 388 -2 4 14 573
-2 5 13 480 -456 0 -2 14 31 1 380 -1 4 14 31 1
0 5 13 4 17 416 1 -2 14 693 -700 1 4 14 456
1 5 13 324 -370 4 -2 14 41 1 -4 1 1 -7 5 14 520
-7 6 13 512 493 -7 -1 14 385 384 -6 5 14 365
I
IOFC H K L IOFO IOFC H K L IOFO IOFC
335 -4 5 14 522 522 -6 2 15 463 459
-297 -1 5 14 328 337 -5 2 15 654 -654
686 -6 6 14 399 -425 -3 2 15 331 357
-386 -4 6 14 337 320 -2 2 15 421 -389
-351 -3 6 14 515 -565 0 2 15 343 318
599 -5 7 14 454 417 -7 3 15 428 448
-484 -1 -6 15 377 -407 -5 3 15 488 -512
-416 -3 -5 15 406 405 -4 3 15 571 594
-614 -1 -5 15 428 -460 -2 3 15 337 -342
455 0 -5 15 414 415 -1 3 15 391 455
-482 -2 -4 15 464 -463 1 3 15 329 -360
476 0 -4 15 489 493 -7 4 15 422 427
-393 1 -4 15 390 -408 -6 4 15 522 -522
506 -1 -3 15 388 407 -4 4 15 409 440
-353 1 -3 15 502 -543 -3 4 15 360 -384
-515 2 -3 15 406 433 -1 4 15 323 347
397 -1 -2 15 317 366 -6 5 15 459 -417
-610 0 -2 15 514 -537 -5 5 15 427 453
-484 2 -2 15 496 492 -3 5 15 492 -490
375 -6 -1 15 344 -350 -2 5 15 261 276
-574 -5 -1 15 350 340 0 -3 16 431 -472
699 -.2 -1 15 372 405 1 -2 16 413 439
617 0 -1 15 492 -553 -4 -1 16 355 -379
-405 1 -1 15 462 495 -1 -1 16 433 -459
414 3 -1 15 . 332 -387 2 -1 16 403 -428
-349 -2 0 15 550 513 -3 0 16 503 501
-368 -1 0 15 446 -446 0 0 16 427 449
415 -7 1 15 401 -410 -5 1 16 540 -539
-630 -6 1 15 532 510 -2 1 16 392 -399
-552 -4 1 15 433 -418 1 1 16 390 -395
327 -3 1 15 459 435 -4 2 16 540 570
-453 -1 1 15 401 -374 -3 2 16 357 -375
522 0 1 15 382 413 -3 3 16 457 -497
-400 2 1 15 515 -514 -5 4 16 515 512
0)(0
H K L 
-3 4 16
IOFO IOFC H K L IOFO IOFC H K L IOFO IOFC H K L. IOFO IOFC H K L IOFO IOFC




The Ir atom lies 0.069 k above the least squares
molecular plane containing the Ir, PI, P2, Nl.and C5
atoms, and none of these five atoms deviates more than 
00.073 A from the plane. Thus, the general coordination 
geometry about Ir is distorted square planar. The bond 
lengths and angles are listed in table 3-5.
The triphenylphosphine groups are trans to each other 
with Ii— P bonds of 2.326(6) and 2.332(5) A, which are 
equivalent to the values reported by Witt37. Within 
experimental error, these two lengths are comparable to 
those reported for similar trans-triphenylphosphine 
compounds of iridium38"44. The P-C bonds in the 
triphenylphosphine range from 1.806(10) to 1.832(9) A, 
which are also comparable to Witt's values and fall within 
the range of similar Ir— PPh3 complexes33-44.
The Ii— CO bond length, 1.814(16) A, Is slightly 
longer than Witt's value (1.716(16) A) in his DIS0 model 
but is comparable to those found in bis(triphenyl­
phosphine) carbonyl (benzotriazenido)iridium(I) (1.821(6) 
)39, trans-carbonyl(1,3-di-p-tolyltrazendo)bis(triphen- 






Ir ---N 1 2.053(15)
Ir ---C5 1.814(16)






PI - Ir - P2 93.0(6)
PI - Ir - N 1 93.0(6)
PI - Ir - C5 89.9(8)
P2 - Ii---N 1 85.8(5)
P2 - Ir - C5 91.1(8)
PI - Ir - P2 172.9(2)
N1 - Ir - C5 176.5 ( 10)
Ir - N1 - Cl 175.7(30)
Table 3-5 Selected Bond Lengths (A) and Angles (°)
The Ii— N bond distance, 2.053(15) A, is significantly 
shorter than that found in Fe(TPP)(C(CN)3)3 *, in which the 
TCM anion serves as bridge ligand. This short metal to 
nitrogen distance suggests that there is djr-pir* back- 
bonding between Ir and the TCM" ligand and as a result the 
IR-N bond order would be greater than one.
Bonding in TCM
In the ANIS model the TCM group is essentially planar. 
The deviations from the least squares plane are:
Cl -0.003 C2 -0.001 C3 -0.019 C4 -0.034 A
N 1 0.017 N2 0.015 N3 0.025 A
These deviations are not uncommon for TCM complexes. In 
contrast, in the disordered models, one half-nitrogen atom 
(N31) and half-carbon atom (C31) lie 0.568 and 0.387 A 
below the N 1-C1-C4-C2-N2 plane, and the other half­
nitrogen (N32) and half-carbon (C32) atoms lie 0.555 and 
00.333 A above this plane. The total angle is 34.0° for
C31-C4-C32. Thus, in the DISO model the TCM ligand can be
viewed as two pyramidal TCM half-anions superimposed on 
each other such that they share a triangular face. The 
central carbon atom (C4) and two of three cyano groups 
(C1N1 and C2N2) are perfectly superimposed and lie on this 
triangular plane, and the two other half-cyano groups 
(C31N31 and C32N32) are one above and another below this 
plane. The bond lengths and angles for both ANIS and DISO 





Cl ---N 1 1.170(22)
C2 ---N2 1.179(31)
C3 ---N3 1.167(57)
Cl - C4 - C2 120.4 ( 16)
Cl - C4 - C3 122.4(20)
C2 - C4 - C3 117.1(17)
N 1 - Cl - C4 177.4(22)
N2 - C2 - C4 178.9(25)
N3 - C3 - C4 178.2(35)
Table 3-6 Bond lengths(A)
Disordered
C4 ---Cl 1 .330(22)
C4 ---C2 1 .367(27)
C4 ---C31 1 .368(40)
C4 ---C32 1 .372(35)
Cl ---N 1 1 . 168(22)
C2 ---N2 1 . 176(30)
C31 -- N31 1. 172(60)
C32 —  N32 1.172(47)
Cl - C4 - C2 120.6(16)
Cl - C4 - C31 123.5(19)
Cl - C4 - C32 119.1(23)
C2 - C4 - C31 113.4(21)
C2 - C4 - C32 117.1(18)
N 1 - Cl - C4 177.1(22)
N2 - C2 - C4 179.2(23)
N31 - C3I - C4 171.9(56)
N32 - C32 - C4 169.6(44)
C31 - C4 -■ C32 34.0(27)
and Angles(0) in TCM
QUANTUM MECHANICAL CALCULATIONS
In order to understand the rationale behind the DISO 
model, we propose a cr-donating-ir-back-donating (SDPBD) 
bonding model. In the SDPBD model, the TCM anion is 
cr-bonded to the Ir through nitrogen atom Nl, and 
consistent with Pauling's electroneutrality principle48, 
the electron density will be back-donated to the jr* 
orbital of TCM through drr-p7r* overlap. Thus, the TCM 
anion is raised to an excited state as a result of this 
net cr-ir* transition. If the TCM anion has lower energy in 
the pyramidal than the planar conformation in this excited 
state, and if the barrier for inversion (similar to the 
umbrella inversion in NH3) is large (comparable to thermal 
energy), then the static disordered structure is correct. 
However, if the barrier energy is comparable to thermal 
energy, than the dynamic disordered structure is correct. 
Finally, if the planar conformation has lower energy, then 
the anisotropic structure is correct.
PROCEDURE
Two ab initio programs, GAUSSIAN8046 and 
GAUSSIAN8247, were used to calculate the electronic 
structure (LCAO-MO) of TCM" ligand on the IBM3081 and 
IBM3084QX computers. Several basis sets (ST0-6G, 4-31G, 
4-31G*)46 were tested for the TCM anion in an idealized
planar D ah symmetry. The largest (4-3IG">) basis did not 
converge. Therefore, the standard 4-31G basis set (with 
140 primitive gaussians compressing to 63 basis functions) 
was chosen for the TCM~ ligand calculations.
An idealized planar C 2v symmetry was imposed upon the 
TCM anion, in which the C2 axis passes through the central 
methanide carbon and one cyano group (C1N1; N1 is the atom 
attached to Ir in the complex). The C-C and C-N bonds 
were the same in the other two cyano groups but differed 
from those in the C1N1 group, and the angle between these 
two cyano groups was symmetrically bisected by the C1N1 
vector. The optimized ground state C 2v geometry was 
calculated by use of the Murtaugh-Sargent method48 as 
implemented in the GAUSSIAN80 program.
A series of non—planar (pyramidal) models, in which 
the TCM anion possesses the Cs symmetry, was derived from 
the C 2v model by bending one of the cyano groups (C3N3) 
out-of-plane at various angles. Each Cs model was 
optimized, constraining only the out-of-plane angle. The 
optimized ground state energies are shown in table 3-7 and 
figure 3-4.
In the idealized C 2v model of TCM-, the penultimate 
occupied orbital (PUMO, of a* symmetry) contained the 
large contribution from N1 and was identified as the 
o— orbital bonding to Ir. The lowest unoccupied n— type
SYMMETRY BENDING ANGLE(0) ENERGY(HARTREE)
C 2 v 0.0 -31 4.357701148
Cs 1 .7 -31 4.357675745
Cs 3.5 -31 4.357599218
Cs 8.6 -31 4.357065389
Cs 10.3 -31 4.356786383
Cs 12.0 -31 4.356456637
Cs 13.7 -31 4.356073698
Cs 15.5 -31 4.355641534
Cs 17.0 -31 4.355154828
Cs 22. 1 -31 4.353382264
Cs 25.4 -31 4.351926528
Cs 28.6 -31 4.350234538
Cs 33.8 -31 4.347208473
Hartree = 627.51 Kcal/mole
Table 3-7 Ground State Energy of TCM Anion
Figure 3-4 Ground State Energy For TCM 
X = Inversion Angie (°)















orbital (LUMO, of b 2 symmetry) was identify as the 
tt* orbital for the SDPBD model. These two orbital 
energies and coefficients are listed in table 3-8. Thus, 
the singly excited state for C 2v symmetry is ‘B 2. From 
equivalent calculation on the Cs models, a' — > a" is 
identified as the a-n* transition. and the Cs excited 
state is therefore ‘A".
For both C2v and Cs models, the optimized singlet 
excited state geometry and energy corresponding to the 
a-rr* excitation described above was calculated using the 
Murtaugh-Sargent method implemented in GAUSSIAN82. The 
final optimized energies are shown in table 3-9 and figure 
3-5.
CONCLUSIONS
The results of the excited state energy calculations 
show that the pyramidal Cs configuration has lower energy 
than the planar C 2v symmetry, and the energy difference 
between them is quite large (81.589 kcal/mol; see figure
3-5). We therefore conclude, based on these calculations, 
that the TCM anion when bonded to Ir, is in the pyramidal 
excited state, and that ~ 80 kcal/mol is the barrier to 
inversion (the static DISO model is correct).
Furthermore, the energy differences between Cs models 
(differing only in the pyramidal angle) are small (~ 1 
kcal/more; see figure 3-5), suggesting that the energy
well is broad. Therefore the statically disordered 
group can have large thermal motion.
SYMMETRIES -- 
EIGENVALUES —
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Table 3-8 Orbital energies (Hartree) and Coefficients 









































































SYMMETRY EXCITATION BENDING ANGLE ENERGY(HARTREE)
C 2 V Ai"—^B2 0.0
Cs A'— >A" 1.7
Cs A ’— >A" 3.5
Cs A '— >A" 10.3
Cs A'— >A" 12.0
Cs A'— >A” 13.7
Cs A'— >A" 15.5
Cs A'— >A" 17.0
Cs A'— >A" 22.1
Cs A ’— >A" 25.4
Cs A'— >AM 28.6












Table 3-9 Excited State Energy of TCM Anion
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Figure 3-5 Singly Excited State Energy For TCM 
X = Inversion Angle (°)
















Crystal Structure of Os(HMB)(C2H„)z
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INTRODUCTION
Arene-olefin complexes of transition metals are of 
importance for synthetic and catalytic chemical processes. 
Included among such processes are olefin oligomerization, 
hydrogenation reactions, and activation of C-H bonds*9"®8. 
Hexamethylbenzene (HMB) is an interesting arene ligand 
because it potentially can complex to metals through two, 
four, or six jr-electrons depending on the steric and/or 
electronic environment of the central metal. There are 
several analytical methods that can distinguish the 
dihapto-, tetrahapto-, and hexahapto-coordination of HMB. 
Single crystal diffraction is the most powerful method and 
can unambiguously determine the coordination of HMB to a 
central metal.
Several HMB-ethylene osmium complexes have been 
synthesized by Dr. H. Walker at Ethyl Corporation (Baton 
Rouge), because these compounds can potentially catalyze 
the ethylene oligomerization reaction. Single crystals of 
bis-(/?2-ethylene) (46-hexamethylbenzene)osmium(0) (figure
4-1) were kindly provided by Dr. Walker for the X-ray 
diffraction study.
Figure 4-1 Stereoview of Os(HMB)(C2H,)z

EXPERIMENTAL
A bright yellow crystal was glued to a glass fiber 
and then mounted on an Enraf-Nonius CAD4 automatic 
diffractometer equipped with monochromatized Mo radiation. 
Twenty-five reflections were successfully located by 
program SEARCH10. Program INDEX10 was then used to index 
the reflections and determine the unit cell constants. 
However, one of the reflections did not index correctly 
(h=0.89, k=l.84, 1=1.78), which indicated that the crystal 
might either be a twin crystal or contain a small 
satellite crystal. Rotational photographs of the three 
principal zones showed that, although the reflections were 
not severely split, they were somewhat diffuse, which 
suggested that the crystal was not suitable for data 
collection.
In addition, this first sample crystal developed 
several black spots on the surface after it had been 
exposed to air for a few days. These black spots 
indicated that the crystal was also unstable in air and 
would need protection during the data collection period. 
Though the crystal was unsuitable for data collection, it 
still could be used to locate strong high angle 
reflections. From a rapid survey of 112 high angle 
reflections, a set of 25 strong reflections was positioned 
(theta from 14° to 15°), and a triclinic unit cell was 
produced from this set of reflections.
A second crystal was selected, mounted on a glass 
fiber and protected by coating it with epoxy glue. The 
crystal then was mounted on the diffractometer, and 25 
strong reflections were successfully located. The profiles 
of these reflections were broad, and some of them were 
visibly split. Indexing these reflections proved to be 
impossible, so this crystal was also discarded.
A third sample crystal with dimensions 0.40 x 0.32 x 
0.30 mm was inserted into a capillary tube, which was then 
sealed, glued to a goniometer head, and mounted on the 
diffractometer. Twenty-five strong reflections were 
located and this time, successfully indexed. A set of 25 
high angle reflections (chosen with the first crystal) was 
used to produce more accurate cell dimensions by a least 
squares procedure. The resulting unit cell is triclinic, 
with space group PT. A higher symmetry lattice was sought 
by program TRACER1 , but no evidence for higher symmetry 
was found. The crystal data are listed in table 4-1.
The intensities of three standard reflections ( 200, 
020, and 002 ) were monitored periodically; no crystal 
decay was observed during the data collection period. Two 
other reflections [ (-4,-3,-7) and (-1,4,-3) ] were 
remeasured after every 200 reflections in order to monitor 
the orientation of the crystal. A total of 4205 intensity 
data was collected, of which 3785 had intensities greater 
than 3or(I) . All reflections were measured in the h, ±k,
9 3
±1 hemisphere. After data collection was completed, the 
intensities of 4 reflections [ (1,0,3), (2,-1,7), (3,0,7), 
and (-2,1,-7) ], which all have x values closed to 90°, 
were measured at incremental ^ values of 10°; the results 
were used in an empirical absorption correction. Finally, 
the raw data were corrected for Lorentz and polarization 
effects, and a set of observed structure factors was 

























R = Z( ||Fo|-|Fc||) / Z|Fo |
*
wR = [ Z w ( | F o |  — | F c | ) z ✓ Zw | F o | 2 ] 
w = 4Fo2 / [a*(I) + (0.02F2)z]
0s (C2H,)s.(C*(CH3)*)
408.59
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Table 4-1 Crystal Data
SOLUTION OF THE STRUCTURE
The structure was solved by the heavy atom method13 
using the SDP set of programs10. The osmium atom position 
was revealed on a Patterson map, and three cycles of least 
squares based on only one Os atom produced an R value of 
0.110. All carbon atom positions were then located from a 
difference Fourier map.
The R and wR values decreased to 0.047 and 0.051 
after six least squares cycles. At this point, all atoms 
were converted to anisotropic thermal motion. A non- 
Poisson weighting scheme (table 4-1) also replaced the 
unit weights. After six more cycles, the R and wR had 
values of 0.031 and 0.042. '
An attempt was made to locate the twenty-six hydrogen 
atom positions from a Fourier difference map. However, 
only 10 peaks in the map showed suitable C-H bond lengths 
(~ 1.0 A)and angles <~ 110°). Because the hydrogen atom 
has nearly zero contribution to high angle reflections86, 
all reflections with sin(theta)/lambda values greater than 
0.4 were deleted; 743 reflections remained. The 
difference map based on this truncated set of reflections 
revealed the approximate positions of all eight ethylene 
hydrogens and 13 of the 18 methyl hydrogens. Further 
truncation (322 reflections with sin(theta)/lambda < 0.3) 
did not reveal any further hydrogen atoms. Therefore,
program HYDRO10 was used to calculate the remaining methyl 
hydrogen positions. This program uses the "observed" 
hydrogen atom positions and assumes idealized sp* geometry 
to idealize the remaining hydrogen atom positions. In all 
succeeding refinements, the methyl hydrogens were forced 
to "ride" on the corresponding carbons with fixed thermal 
parameters. The eight ethylene hydrogen atom positions 
were also fixed. This model yields R and wR values of 
0.030 and 0.039.
Although the above model converges to low R values, 
many observed structure factors were systematically larger 
than the corresponding calculated values, which indicates 
that some systematic error remains. As indicated above 
(EXPERIMENTAL), these crystals had the tendency to form 
twins or to associate with small satellites; such 
corruption of the- sample crystal would prevent the 
accurate measurement of the intensities. Therefore, those 
reflections for which |Fo - Fc| / e.s.d. > 6 (a total of 
18) were eliminated from the refinement process. A 
secondary extinction coefficient was also introduced.
After several refinement cycles, the data were 
truncated again at sin(theta)/lambda = 0.45, and a fine 
grid Fourier difference map was calculated around each 
ethylene hydrogen position in order to obtain more 
accurate H atom positions. The eight ethylene hydrogen 
positions were thus relocated on eight separate difference
9 7
maps. The C-H distances have ranges from 0.872 to 1.084 A 
and average 0.993 A. These H atom positions were fixed 
again in the the foilowing ieast squares refinement.
After three more cycles, the final R and wR are 0.028 
and 0.034 for 3766 observed reflections and 209 
parameters. A final Fourier difference map yielded two
chemically-uninterpretable peaks with intensities at ~ 2
0 •e/A3; both of these peaks are within 0.9 A of the osmium
position. The packing diagram is shown on figure 4-2.
The atomic positional and thermal parameters of all atoms 
in the asymmetric unit are presented in table 4-2. 
Anisotropic thermal parameters are listed in table 4-3.
The observed and calculated structure factors are listed 
in table 4-4.





Table 4-2 Atomic Coordinates and Thermal Paremeters
Table of Positional Parameters and Their Estimated Standard Deviations
Atom X Z z B(A2)
0S1 0.27070(2) 0.23888(2) 0.24233(1) 2.343(3)
Cl -0.0373(5) 0.3059(5) 0.2150(4) 2.87(9)
C2 0.0767(6) 0.1534(5) 0.1830(4) 2.86(8)
C3 0.2181(6) 0.0145(5) 0.2596(4) 3.00(9)
C4 0.2268(6) 0.0220(5) 0.3758(4) 2.93(9)
C5 0.0989(5) 0.1699(5) 0.4113(4) 2.77(8)
C6 -0.0248(6) 0.3166(5) 0.3291(4) 2.80(8)
C12 -0.1832(7) 0.4571(7) 0.1330(5) 4.5(1)
C22 0.0571(8) 0.1361(7) 0.0663(5) 4.9(1)
C32 0.346(1) -0.1484(7) 0.2230(6) 5.3(2)
C42 0.3636(8) -0.1311(7) 0.4592(6) 4.7(2)
Table of Positional Parameters and Their Estimated Standard Deviations (cont.)
Atom X Z z , B(A2)
C52 0.0975(8) 0.1787(7) 0.5334(4) 4.4(1)
C62 -0.1563(9) 0.4796(7) 0.3654(5) 4.7(1)
C71 0.2534(7) 0.4913(6) 0.1937(5) 4.5(1)
C72 0.3409(7) 0.3983(6) 0.3027(5) 4.1(1)
C81 0.5741(7) 0.1098(8) 0.2053(6) 4.7(1)
C82 0.4779(7) 0.1954(8) 0.0992(5) 4.4(1)
H121 -0.3061 0.4572 0.1583 5*
H122 -0.1779 0.5035 0.0506 5*
H123 -0.1603 0.5223 0.1702 5*
H221 0.1788 0.1079 0.0227 6 *
H222 0.0143 0.0518 0.0784 6 *
Table of Positional Parameters and Their Estimated Standard Deviations (cont.)
Atom X
H223 -0.0358 0
H321 0.2727 - 0
H322 0.3896 - 0
H323 0.4540 -0
H421 0.3082 -0
H422 0.4818 - 0





























Table of Positional Parameters and Their Estimated Standard Deviations (cont.)
Atom z Z 2 B<A2)
H622 -0.2846 0.4907 0.3774 6 *
H623 -0.1123 0.4766 0.4331 6 *
H711 0.3320 0.5058 0.1191 4*
H712 0.1269 0.5742 0.1972 4*
H721 0.4941 0.3457 0.3164 4*
H722 0.2656 0.4238 0.3750 4*
H811 0.6230 0 . 0 0 0 0 0.2363 4*
H812 0.6816 0.1269 0.2265 4*
H821 0.4882 0.3125 0.0585 4*
H822 0.4687 0.1191 0.0585 4*
atoms were refined isotropically.
The equivalent isotropic thermal parameter, for atoms refined
anisotropicallyr is defined by the equation:
4 2 2 2gCa Bĵ  + b Bjj + c B3 3 + abBj^cosy + acB^gCC^ + bcBjgCosa 3
Table 4-3 Anisotropic Thermal Parameters
Table of Anisotropic Thermal Parameters - B's
Name _hi„ _ ® 2 2_ _®33_ _ ® 1 2_ ' _?13_____ _®23_ Bq^ t _egv
0S1 2.256(4) 2.547(4) 2.299(5) -1.125(3) -0.278(4) -0.497(3) 2.343(3)
Cl 2.5(1) 3.2(1) 3.1(1) -1.25(8) -0 .1 (1 ) -1 .0 (1 ) 2.87(9)
C2 3.0(1) 3.5(1) 2.7(1) -1.63(8) -0 .0 (1 ) -1.19(9) 2 .8 6 (8 )
C3 3.2(1) 2.5(1) 3.4(2) -0.98(9) 0 .1 (1 ) -1.3(1) 3.00(9)
C4 2 .8 (1 ) 2.7(1) 3.0(2) -1.10(9) -0.4(1) -0.3(1) 2.93(9)
C5 3.2(1) 3.5(1) 2.3(1) -2.03(8) -0 .0 (1 ) -0.77(9) 2.77(8)
C6 2 .6 (1 ) 2 .8 (1 ) 3.3(1) -1 .1 0 (8 ) 0 .2 (1 ) -1.44(9) 2.80(8)
C12 3.6(2) 4.1(2) 4.9(2) -1.4(1) -1 .8 (2 ) 0 .6 (2 ) 4.5(1)
C22 5.2(2) 7.1(2) 3.8(2) -2.9(1) -0.5(1) -2.7(1) 4.9(1)
C32 5.4(3) 3.8(2) 6.7(3) -0.9(2) 0.4(2) -3.1(1) 5.3(2)
C42 3.9(2) 4.0(2) 4.8(3) -1.4(2) -1 .2 (2 ) 0.5(2) 4.7(2)
Table of Anisotropic Thermal Parameters - B's (Continued)
Name .hi.. _ ? 2 2 __ _®33_ .h2„ _®13_ _®23_ B_egv
C52 5.8(2) 6 .1 (2 ) 2.5(2) -3.5(1) -0 .1 (1 ) -1 .2 (1 ) 4.4(1)
C62 4.8(2) 3.6(2) 5.2(2) -0 .8 (2 ) 0.3(2) -2.3(1) 4.7(1)
C71 5.6(2) 4.2(1) 4.6(2) -3.1(1) -1.5(2) -0 .0 (1 ) 4.5(1)
C72 5.6(2) 4.4(1) 3.7(2) -3.38(9) -0 .8 (1 ) -0.7(1) 4.1(1)
C81 2.4(1) 5.8(2) 5.2(2) -1.4(1) 0.3(2) -1.4(2) 4.7(1)
C82 3.4(2) 6 .0 (2 ) 3.5(2) -2 .1 (1 ) 0 .8 (2 ) -1 .2 (2 ) 4.4(1)
The form of the anisotropic temperature factor is:
expf- |£h2a*2 B1 1  + k2b*2B2 2  + l2 c*2 B3 3 + 2(hka*b*B1 2  + hla*c*B1 3 + klbAcAB23)13
Table 4-4 Observed and Calculated Structure 
Factors
Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
0 0 2 1594 1633 3 0 1 0 306 291
0 0 3 418 410 3 0 1 1 1837 1827
0 0 4 1128 1154 4 0 1 2 263 237
0 0 5 387 376 5 0 1 3 1094 1081
0 0 6 930 984 5 0 1 4 351 345
0 0 7 428 425 6 0 1 5 870 872
0 0 8 669 673 6 0 1 6 706 680
0 0 9 335 326 7 0 1 7 805 806
0 0 10 509 506 7 0 1 8 367 359
0 0 11 252 246 5 0 1 9 540 534
0 0 12 346 349 7 0 1 10 386 386
0 0 13 236 237 5 0 1 11 494 495
0 0 14 299 276 6 0 1 12 294 294
0 0 15 167 159 7 0 1 13 320 317
0 0 16 173 164 7 0 1 14 244 237
0 1-•15 17'/ 192 7 0 1 15 221 211
0 1-■14 147 143 6 0 1 16 181 184
0 1--13 314 324 6 0 n.Li -15 123 124
0 1-•12 180 189 5 0 2 - -14 233 233
0 1--11 401 410 7 0 o.£* -13 131 141
0 1--10 233 246 5 0 2--12 331 347
0 1 -9 471 477 7 0 2--11 170 175
0 1 -8 192 201 5 0 2--10 415 442
0 1 -7 841 874 5 0 2 -9 285 294
0 1 -6 174 171 3 0 2 -8 524 533
0 1 -5 981 987 4 0 2 -7 82 92
0 1 -4 185 169 4 0 2 -6 971 997
0 1 -2 337 340 3 0 2 -5 67 54






















H K L Fobs Fcalc SiqF
0 2 -3 150 143 3
0 2 -2 1260 1252 4
0 2 -1 62 46 4
0 2 1 161 141 3
0 2 3 329 308 5
0 2 5 350 333 6
0 2 6 788 763 5
0 2 7 521 509 6
0 2 8 680 673 6
0 2 9 391 382 7
0 2 10 536 528 8
0 2 11 397 411 8
0 2 12 441 426 8
0 2 13 319 310 7
0 2 14 286 275 7
0 2 15 224 218 6
0 2 16 121 109 9
0 3-14 100 101 9
0 3-13 265 270 5
0 3-12 131 122 6
0 3-11 355 371 7
0 3-10 147 160 5
0 3 -9 516 522 7
0 3 -8 179 188 4
0 3 -7 671 684 6
0 3 -5 908 937 5
0 3 -4 72 62 5
0 3 -3 1265 1234 5
0 3 -2 53 24 6
Page 1
H K L Fobs
r i
Fcalc SigF
- — - --- --------- -------
0 3 -1 1043 1012 4
0 3 0 658 629 4
0 3 2 195 179 4
0 3 3 776 732 5
0 3 4 407 383 6
0 3 5 850 829 5
0 3 6 476 453 6
0 3 7 738 703 6
0 3 8 425 399 7
0 3 9 580 556 7
0 3 10 434 404 8
0 3 11 447 441 9
0 3 12 328 312 7
0 3 13 299 294 7
0 3 14 279 276 5
0 3 15 177 173 7
0 3 16 202 193 7
0 4--13 76 70 10
0 4-•12 264 270 6
0 4-•11 72 71 9
0 4-•10 384 408 8
0 4 -9 89 87 7
0 4 -8 520 541 7
0 4 -6 616 634 6
0 4 -4 714 718 6
0 4 -3 61 63 7
0 4 -2 1027 1011 5
0 4 -1 201 185 3
0 4 0 937 912 5
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Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
0 4 1 289 286 6 0 5 4 501 472
0 4 2 952 906 5 0 5 5 796 756
0 4 3 173 184 3 0 5 6 530 495
0 4 4 820 771 6 0 5 7 725 687
0 4 5 425 381 6 0 5 8 561 525
0 4 6 803 752 6 0 5 9 621 571
0 4 7 546 507 7 0 5 10 383 368
0 4 8 845 802 7 0 5 11 306 293
0 4 9 365 339 7 0 5 12 352 346
0 4 10 492 468 8 0 5 13 179 169
0 4 11 359 337 7 0 5 14 348 324
0 4 12 316 316 7 0 5 15 123 114
0 4 13 293 296 7 0 5 16 212 197
0 4 14 202 196 6 0 6--10 264 263
0 4 15 273 251 5 0 6 -8 350 360
0 4 16 116 97 10 0 6 -7 86 77
0 5-•12 72 53 11 0 6 -6 425 419
0 5-•11 260 266 5 0 6 -5 171 168
0 5 -9 399 415 7 0 6 -4 535 534
0 5 -7 446 469 8 0 6 -3 169 169
0 5 -6 115 113 5 0 6 -2 525 519
0 5 -5 554 564 7 0 6 -1 182 176
0 5 -3 653 648 6 0 6 0 456 449
0 5 -2 186 186 3 0 6 1 355 328
0 5 -1 777 759 6 0 6 2 663 627
0 5 0 281 254 5 0 6 3 367 356
0 5 1 882 862 6 0 6 4 635 601
0 5 Oi s 316 300 6 0 6 5 416 385




































H K L Eobs Fcalc SigF
0 6 7 438 409 8
0 6 8 448 408 8
0 6 9 425 393 8
0 6 10 301 281 6
0 6 11 356 344 7
0 6 12 209 194 5
0 6 13 327 306 7
0 6 15 269 245 6
0 7 -9 255 253 6
0 7 -7 308 311 6
0 7 -6 78 79 9
0 7 -5 402 410 8
0 7 -4 127 127 6
0 7 -3 477 473 8
0 7 -2 143 154 6
0 7 -1 428 432 8
0 7 0 190 181 4
0 7 1 430 407 8
0 7 2 322 315 7
0 7 3 558 530 8
0 7 4 311 309 7
0 7 5 506 491 8
0 7 6 346 311 6
0 7 7 356 324 7
0 7 8 390 375 8
0 7 9 262 254 6
0 7 10 322 313 7
0 7 11 190 186 6
0 7 12 318 295 6
H K L Fobs Fcalc SigE
0 7 13 137 114 8
0 7 14 242 240 6
0 8 -8 251 245 6
0 8 -6 281 271 5
0 8 -5 93 87 9
0 8 -4 357 350 7
0 8 -3 147 146 6
0 8 -2 407 396 8
0 8 -1 209 201 5
0 8 0 375 392 8
0 8 1 268 250 5
0 8 2 378 366 8
0 8 3 305 305 7
0 8 4 374 357 7
0 8 5 342 336 7
0 8 6 320 302 6
0 8 7 355 330 7
0 8 8 202 196 5
0 8 9 294 291 6
0 8 10 172 161 6
0 8 11 240 230 5
0 8 12 109 96 9
0 8 13 214 209 6
0 9 -5 199 203 6
0 9 -4 105 115 9
0 9 -3 254 247 5
0 9 -2 160 164 6
0 9 -1 288 290 6
0 9 0 200 201 5
o
Values of lOAFobs and lOAEcalc
H K L Fobs Fcalc SigF H K L Fobs Ecalc SigF
0 9 1 289 279 6 0 11 4 184 188 7
0 9 2 247 241 5 0 11 5 118 107 9
0 9 3 261 259 5 0 11 & 148 149 8
0 9 4 286 274 5 0 11 7 79 51 12
0 9 5 251 243 5 0 11 8 145 141 8
0 9 & 293 291 5 1-10 -8 243 261 6
0 9 7 219 208 5 1-10 -6 203 225 6
0 9 8 262 254 5 1-10 -5 131 115 8
0 9 9 135 168 6 1-10 -4 196 210 6
0 9 10 205 206 6 1-10 -3 168 165 7
0 9 12 206 197 & 1-10 -2 200 208 6
0 10 -3 121 119 9 1-10 -1 160 164 7
0 10 -2 189 177 6 1-10 0 156 181 8
0 10 -1 154 160 7 1-10 1 142 149 8
0 10 0 197 191 6 1-10 2 146 156 8
0 10 1 207 207 6 1 -9--11 202 216 &
0 10 2 201 188 6 1 -9 -9 228 247 6
0 10 3 250 251 6 1 -9 -8 101 116 10
0 10 4 202 194 6 1 -9 -7 236 255 5
0 10 5 249 247 5 1 -9 -6 138 156 8
0 10 6 162 154 7 1 -9 -5 228 243 5
0 10 7 227 222 6 1 -9 -4 204 210 6
0 10 8 120 102 9 1 -9 -3 222 239 5
0 10 9 226 218 6 1 -9 -2 251 251 5
0 10 11 205 203 6 1 -9 -1 210 218 6
0 11 0 146 152 9 1 -9 0 216 217 5
0 11 1 138 119 8 1 -9 1 160 171 7
0 11 2 211 184 6 1 -9 nLi 214 219 6
0 11 3 139 123 8 1 -9 3 181 179 6
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H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
1 -9 4 196 191 6 1 -7  -4 332 333 6
1 -9 5 111 116 10 1 -7  -3 335 349 6
1 -8-12 209 225 6 1 -7  -2 364 377 7
1 -8-10 220 244 6 1 -7  -1 321 339 6
1 -8  -9 99 108 9 1 -7 0 366 362 6
1 -8  -8 257 267 5 1 -7 1 271 281 5
1 -8 -7 158 166 6 1 -7 2 392 403 8
1 -8 -6 257 267 6 1 -7 3 218 229 5
1 -8 -5 213 221 5 1 -7 4 376 367 8
1 -8  -4 324 328 6 1 -7  5 137 137 6
1 -8 -3 243 253 5 1 -7 6 314 318 7
1 -8 -2 271 285 5 1 -7 7 88 90 10
1 -8 -1 304 312 7 1 -7 8 273 261 6
1 -8 0 232 240 5 1 -6-14 226 250 6
1 -8 1 299 310 7 1 -6-13 102 97 10
1 -8 2 205 209 5 1 -6-12 261 281 5
1 -8 3 319 313 5 1 -6-11 161 168 6
1 -8 4 184 189 6 1 -6-10 327 351 6
1 -8 5 256 261 5 1 -6 -9 248 261 5
1 -8 6 95 113 11 1 -6  -8 353 364 &
1 -8 7 226 222 6 1 -6 -7 301 295 6
1 -7-13 229 251 6 1 -6 -6 371 368 6
1 -7-11 281 299 5 1 -6 -5 373 355 7
1 -7-10 126 124 7 1 -6 -4 357 356 7
1 -7 -9 297 313 6 1 -6  -3 488 489 8
1 -7 -8 229 237 5 1 -6  -2 380 400 7
1 -7 -7 317 323 7 1 -6 -1 461 473 8
1 -7 -6 242 243 5 1 -6  0 468 497 8
1 -7 -5 287 299 & 1 -6 1 359 365 7
Values of lOAFobs and 10*Fealc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
1 -6 2 301 309 6 1 -5  6 551 550
1 -6  3 482 492 8 1 -5 7 71 79
1 -6 4 194 190 5 1 -5  8 425 399
1 -6  5 444 440 8 1 -5  10 336 331
1 -6 6 97 113 8 1 -5  12 235 231
1 -6  7 377 369 7 1 -4-16 186 193
1 -6 8 85 75 9 1 -4-15 127 138
1 -6  9 307 301 7 1 -4-14 234 263
1 -5-15 212 221 6 1 -4-13 175 189
1 -5-14 120 129 9 1 -4-12 327 348
1 -5-13 289 298 7 1 -4-11 271 285
1 -5-12 163 163 . 6 1 -4-10 301 331
1 -5-11 344 360 7 1 -4 -9 415 420
1 -5-10 272 277 5 1 -4 -8 262 265
1 -5 -9 349 361 6 1 -4 -7 584 600
1 -5  -8 394 412 8 1 -4 -6 550 547
1 -5  -7 449 466 8 1 -4 -5 694 687
1 -5  -6 448 451 8 1 -4 -4 568 556
1 -5 -5 513 522 7 1 -4 -3 781 777
1 -5 -4 679 675 7 1 -4 -2 396 379
1 -5 -3 500 502 7 1 -4 -1 751 758
1 -5  -2 699 705 7 1 -4  0 296 294
1 -5 -1 463 470 7 1 -4 1 800 810
1 -5  0 624 632 7 1 -4  2 202 197
1 -5 1 464 471 7 1 -4 3 783 789
1 -5  2 578 581 7 1 -4 4 114 104
1 -5 3 181 195 5 1 -4 5 668 666
1 -5  4 643 640 7 1 -4 7 591 593





























H K L Fobs Fcalc SigF
1 -4 11 333 338 7
1 -4  13 235 228 5
1 -3-15 195 216 7
1 -3-14 158 178 7
1 -3-13 292 318 6
1 -3-12 238 260 5
1 -3-11 356 375 7
1 -3-10 375 399 7
1 -3  -9 299 309 6
1 -3  -8 474 491 7
1 -3  -7 422 418 7
1 -3 -6 660 669 6
1 -3  -5 628 622 6
1 -3 -4 690 687 6
1 -3 -3 504 496 6
1 -3  -2 600 629 5
1 -3  -1 333 328 6
1 -3 0 955 970 5
1 -3 1 250 251 5
1 -3  2 941 955 5
1 -3 4 883 873 6
1 -3  5 105 98 5
1 -3  6 736 712 6
1 -3  8 603 600 7
1 -3 10 460 460 8
1 -3 12 316 315 6
1 -3 14 220 218 5
1 -2-16 214 230 6
1 -2-15 112 135 10
H K L Fobs Fcalc SigF
1 -2-14 249 263 5
1 -2-13 232 248 5
1 -2-12 329 361 7
1 -2-11 397 440 8
1 -2-10 402 421 7
1 -2 -9 491 515 7
1 -2  -8 428 443 7
1 -2 -7 675 696 6
1 -2  -6 548 551 6
1 -2  -5 893 901 5
1 -2 -4 293 276 5
1 -2 -3 954 916 5
1 -2 -2 331 313 5
1 -2  0 304 290 5
1 -2 1 1232 1208 5
1 -2  2 57 48 6
1 -2 3 868 887 5
1 -2  4 105 95 4
1 -2 5 889 886 5
1 -2  6 70 59 6
1 -2 7 727 719 6
1 -2 8 83 74 6
1 -2 9 516 514 7
1 -2 10 92 99 6
1 -2 11 452 438 8
1 -2  12 113 115 7
1 -2 13 293 292 7
1 -2 14 85 101 10
1 -1-16 123 134 9
ro
Values of lOAEobs and lOAFcalc 
H K L Fobs Fcalc SigF
-1-15 209 220 6
-1-14 194 206 6
-1-13 265 281 5
-1-12 354 368 6
-1-11 290 313 6
-1-10 4G5 503 8
-1 -9 402 409 7
-1 -8 553 576 6
-1 -7 474 481 6
-1 -6 945 954 5
-1 -5 375 370 5
-1 -4 1080 1068 4
-1 -3 75 74 4
-1 -1 353 327 4
-1 0 1234 1189 3
-1 1 261 245 5
-1 2 1054 1037 4
-1 4 969 974 4
-1 & 865 867 5
-1 7 83 77 5
-1 8 655 663 6
-1 9 70 60 7
-1 10 487 475 7
-1 11 148 155 5
-1 12 398 407 8
-1 13 156 154 &
-1 14 320 308 6
-1 15 131 118 7
0-15 161 158 7
H K L Fobs Fcalc
1 0-■14 205 225
1 0-•13 264 280
1 0-•12 241 256
1 0-■11 391 416
1 0-■10 266 276
1 0 -9 467 488
1 0 -8 349 375
1 0 -7 779 815
1 0 -6 486 487
1 0 -5 1142 1185
1 0 -4 461 468
1 0 -3 1201 1237
1 0 -2 312 303
1 0 -1 1554 1509
1 0 0 117 115
1 0 1 1790 1734
1 0 2 204 173
1 0 3 1434 1427
1 0 4 48 23
1 0 5 1060 1081
1 0 6 177 170
1 0 7 849 851
1 0 8 127 130
1 0 9 643 638
1 0 10 194 198
1 0 11 462 468
1 0 12 206 203
1 0 13 373 364





































K L Fobs Fcalc SigE H
0 15 283 ' 279 6 1
0 16 160 141 7 1
1-15 176 174 6 1
1-14 201 205 5 1
1-13 221 226 5 1
1-12 318 338 7 1
1-11 215 219 4 1
1-10 454 474 8 1
1 -9 270 279 5 1
1 -8 599 627 6 1
1 -7 251 262 5 1
1 -6 945 975 5 1
1 -5 332 331 5 1
1 -4 1039 1078 4 1
1 -3 349 356 4 1
1 -2 1106 1137 3 1
1 -1 335 346 3 1
1 0 1454 1502 2 1
1 1 389 394 “7 1
1 2 1490 1524 3 1
1 3 70 57 4 1
1 4 1072 1086 4 1
1 5 182 177 3 1
1 6 795 818 5 1
1 7 347 343 7 1
1 8 811 828 & 1
1 9 353 348 7 1
1 10 561 564 7 1






























































Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc
1 2 11 459 454 8 1 3 10 486 454
1 2 12 284 299 6 1 3 11 344 334
1 2 13 359 346 7 1 3 12 381 365
1 nAt 14 251 244 5 1 3 13 287 277
1 2 15 241 241 6 1 3 14 283 277
1 2 16 178 169 7 1 3 15 227 210
1 3-■14 192 186 6 1 3 16 169 148
1 3--13 154 147 6 1 4--13 234 237
1 3--12 296 296 5 1 4--12 119 128
1 3-•11 185 187 4 1 4--11 309 317
1 3-•10 472 488 8 1 4-■10 142 141
1 3 -9 365 367 7 1 4 -9 472 490
1 3 -8 604 626 6 1 4 -8 214 220
1 3 -7 280 287 6 1 4 -7 587 612
1 3 -6 789 829 5 1 4 -6 126 126
1 3 -5 101 90 4 1 4 -5 745 762
1 3 -4 1051 1061 5 1 4 -4 76 73
1 3 -3 41 17 6 1 4 -3 999 995
1 3 At 1213 1238 4 1 4 -2 87 74
1 3 0 1231 1207 4 1 4 -1 964 950
1 3 1 280 259 4 1 4 0 218 231
1 3 2 1227 1195 4 1 4 2 330 319
1 3 3 703 666 4 1 4 3 1172 1122
1 3 4 1001 966 5 1 4 4 366 370
1 3 5 370 369 6 1 4 5 921 888
1 3 6 838 815 6 1 4 6 324 311
1 3 7 356 328 7 1 4 7 799 754
1 3 8 808 770 7 1 4 8 470 438































H K L Fobs Fcalc SigF
1 4 10 337 320 6
1 4 11 428 383 8
1 4 12 281 271 6
1 4 13 316 307 7
1 4 14 280 266 7
1 4 15 214 200 6
1 4 16 171 156 7
1 5--12 225 241 5
1 5--11 97 96 8
1 5--10 314 332 7
1 5 -9 85 76 7
1 5 -8 425 437 8
1 5 -6 561 577 7
1 5 -4 639 653 6
1 5 -3 146 137 4
1 5 -2 841 827 6
1 5 -1 179 134 4
1 5 0 973 936 5
1 5 1 310 308 6
1 5 3 262 249 6
1 5 4 994 948 6
1 5 5 312 294 6
1 5 6 783 744 6
1 5 7 615 581 7
1 5 8 645 605 7
1 5 9 550 520 8
1 5 10 461 433 8
1 5 11 333 330 7
1 5 12 334 321 7
H K L Fobs Fcalc SigF
1 5 13 296 289 6
1 5 14 184 173 6
1 5 15 259 252 6
1 5 16 155 136 8
1 6-■11 238 233 5
1 6 -9 343 345 7
1 6 -7 395 390 7
1 6 -6 66 64 9
1 6 -5 496 501 7
1 6 -4 89 96 7
1 6 -3 590 605 7
1 6 -2 120 137 5
1 6 -1 715 712 6
1 6 0 235 231 4
1 6 1 755 739 6
1 6 TAt 288 282 6
1 6 3 667 643 6
1 6 4 295 272 6
1 6 5 663 631 7
1 6 6 388 375 8
1 6 7 488 473 8
1 6 8 573 550 8
1 6 9 437 398 8
1 6 10 399 377 8
1 6 11 321 303 7
1 6 12 319 302 6
1 6 13 199 181 6
1 6 14 273 262 5
1 6 15 113 108 10
Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Ecalc SigF
6 16 200 199 7 1 8 0 106 101 6
7-•10 227 225 5 1 8 1 466 469 8
7 -8 313 316 6 1 8 2 280 263 6
7 -6 379 362 7 1 8 3 452 448 8
7 -5 77 79 9 1 8 4 370 373 7
7 -4 439 450 8 1 8 5 463 457 8
7 -3 97 101 7 1 8 6 383 372 7
7 -2 624 629 7 1 8 7 330 327 6
7 0 586 592 7 1 8 8 335 335 8
7 1 192 182 4 1 8 9 267 254 5
7 2 537 528 7 1 8 10 294 292 6
7 3 275 269 6 1 8 11 216 206 5
7 4 544 517 7 1 8 12 275 267 6
7 5 322 324 8 1 8 13 154 140 8
7 6 548 520 8 1 8 14 203 188 6
7 7 359 352 7 1 9 -6 245 242 5
7 8 362 350 8 1 9 -4 293 284 5
7 9 354 358 9 1 9 -2 314 320 7
7 10 317 298 6 1 9 -1 154 157 6
7 11 323 315 7 1 9 0 358 357 8
7 12 242 223 5 1 9 1 196 198 5
7 13 266 262 5 1 9 2 359 350 6
7 14 133 117 8 1 9 3 248 244 5
7 15 211 210 6 1 9 4 330 331 7
8 -7 272 283 6 1 9 5 329 336 7
8 -5 361 357 7 1 9 6 311 302 6
8 -3 420 423 8 1 9 7 313 305 6
8 id 99 101 7 1 9 8 231 223 5
8 -1 547 552 8 1 9 9 293 279 5
t
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H K L Fobs Fcalc SigF H K L Fobs Fcalc SigE
1 9 10 236 225 5 1 11 6 156 149 7
1 9 11 236 226 5 1 11 7 150 164 8
1 9 12 155 149 7 1 11 8 113 116 10
1 9 13 185 185 7 1 11 9 150 159 8
1 10 -5 210 200 6 2-10 -5 181 201 7
1 10 -3 210 211 6 2-10 -3 161 185 8
1 10 -2 114 128 9 2-10 -2 107 101 10
1 10 -1 248 243 5 2 -9-10 191 199 7
1 10 0 165 172 6 2 -9 -9 92 97 12
1 10 1 230 233 5 2 -9 -8 240 260 6
1 10 2 194 203 6 2 -9  -6 230 250 6
1 10 3 260 251 6 2 -9  -5 106 111 10
1 10 4 229 229 5 2 -9 -4 107 201 6
1 10 5 226 226 5 2 -9  -3 164 157 7
1 10 6 266 277 6 2 -9 -2 175 190 7
1 10 7 216 206 6 2 -9  -1 193 189 6
1 10 8 258 254 6 2 - 9  0 171 183 7
1 10 9 193 178. 6 2 -9 1 194 191 6
1 10 10 249 232 5 2 - 9  2 158 167 7
1 10 11 142 131 8 2 - 9  3 157 171 8
1 10 12 192 193 7 2 -8-11 201 217 6
1 11 _oid 180 169 7 2 -8 -9 231 256 6
1 11 -1 120 133 9 2 -8 -8 88 99 11
1 11 0 183 171 6 2 -8 -7 250 267 5
1 11 1 151 154 7 2 -8 -6 103 124 9
1 11 'y 143 140 7 2 -8  -5 238 261 6
1 11 3 186 189 6 2 -8 -4 168 168 6
1 11 4 146 145 8 2 -8 -3 223 249 5
1 11 5 205 198 6 2 -8 -2 213 225 5
in
Values of lOAEobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
2 -8 -1 223 244 6 2 -6-13 242 242
2 -8 0 232 233 5 2 -6-12 107 90
2 -8 1 207 218 6 2 -6-11 305 321
2 -8 2 259 253 5 2 -6-10 149 145
2 -8 3 169 183 7 2 -6 -9 307 327
2 -8 4 251 251 6 2 -6  -8 229 234
2 -8 5 144 143 8 2 -6  -7 339 367
2 -8 6 179 188 7 2 -6 -6 230 221
2 -7-■12 241 259 6 2 -6 -5 379 393
2 -7--10 308 320 6 2 -6 -4 285 288
-2 -7 -9 120 107 7 2 -6 -3 372 387
2 -7 -8 297 312 6 2 -6 -2 394 396
2 -7 -7 147 155 7 2 -6 -1 367 396
2 -7 -6 292 312 5 2 - 6  0 398 402
2 -7 -5 209 218 5 2 -6 1 332 343
2 -7 -4 332 348 6 2 - 6  2 358 374
2 -7 -3 266 282 6 2 - 6  3 264 274
2 -7 -2 309 328 6 2 - 6  4 363 354
2 -7 -1 294 300 5 2 - 6  5 188 197
2 -7 0 276 284 4 2 - 6  6 350 353
2 -7 1 295 303 6 2 - 6  7 117 121
2 -7 2 232 238 5 2 - 6  8 275 275
2 -7 3 314 322 6 2 -6 10 210 219
2 -7 4 192 196 6 2 -5-14 200 212
2 -7 5 324 313 6 2 -5-12 269 278
2 -7 6 144 142 8 2 -5-11 152 152
2 -7 7 223 223 6 2 -5-10 350 363
2 -7 8 79 43 12 2 -5 -9 225 230


























































K L Fobs Fcalc SigF H K L Fobs
Page 8 
Fcalc SigF
-5 -7 291' 297 6 2 -4  -3 523 524 7
-5  -6 490 514 8 2 -4  -2 658 642 7
-5 -5 332 318 7 2 -4 -1 462 455 7
-5  -4 505 508 8 2 - 4  0 838 830 7
-5 -3 417 437 8 2 -4  1 433 434 7
-5  -2 449 451 8 2 - 4  2 732 730 7
-5 -1 669 673 7 2 - 4  3 231 241 5
-5 0 506 527 8 2 - 4  4 644 635 7
-5 1 605 604 8 2 - 4  5 75 53 9
-5  2 375 365 7 2 - 4  6 . 591 585 8
-5 3 500 495 8 2 - 4  8 430 432 8
-5  4 200 203 5 2 -4 10 378 377 7
-5 5 471 470 9 2 -4 12 234 275 6
-5 6 101 119 8 2 -3-15 94 93 11
-5 7 414 423 8 2 -3-14 203 210 6
-5 9 354 342 6 2 -3-13 155 159 7
-5 11 268 259 5 2 -3-12 313 326 6
-4-15 165 176 / 2 -3-11 201 217 5
-4-14 123 125 9 2 -3-10 403 415 8
-4-13 235 255 6 2 -3  -9 159 162 5
-4-12 158 157 7 2 -3 -8 367 364 7
-4-11 330 344 6 2 -3  -7 374 349 7
-4-10 211 217 5 2 -3  -6 494 504 7
-4 -9 372 369 6 2 -3 -5 563 547 6
-4 -8 300 285 5 2 -3 -4 624 598 6
-4 -7 449 450 8 2 -3 -3 707 690 6
-4 -6 401 398 8 2 -3 -2 631 607 6
-4 -5 495 496 7 2 -3 -1 716 704 6
-4 -4 570 561 7 2 - 3  0 460 459 6
1 1 6
Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
2 -3  1 766 759 6 2 - 2  5 178 171
2 - 3  2 329 328 7 2 - 2  6 764 756
2 - 3  3 884 887 7 2 - 2  8 605 601
2 - 3  4 242 250 5 2 -2  10 473 481
2 - 3  5 757 765 7 2 -2  11 68 70
2 - 3  7 615 606 8 2 -2  12 355 358
2 - 3  9 428 445 8 2 -2 13 105 80
2 -3  11 394 393 8 2 -2  14 277 261
2 -3 13 258 272 6 2 -1-15 121 112
2 -2-15 197 212 6 2 -1-14 219 243
2 -2-14 126 128 8 2 -1-13 172 176
2 -2-13 298 314 6 2 -1-12 309 323
2 -2-12 194 196 5 2 -1-11 285 292
2 -2-11 371 392 7 2 -1-10 371 387
2 -2-10 284 303 6 2 -1 -9 448 465
2 -2 -9 494 501 8 2 -1 -8 445 455
2 -2  -8 332 336 7 2 -1 -7 660 667
2 -2  -7 460 475 7 2 -1 -6 501 497
2 -2 -6 632 644 6 2 -1 -5 797 798
2 -2  -5 653 631 6 2 -1 -4 498 495
2 -2 -4 936 904 5 2 -1 -2 493 466
2 -2 -3 821 776 5 2 -1 -1 1203 1167
2 -2 -2 993 963 5 2 - 1 0 58 54
2 -2 -1 346 320 5 2 - 1 2 503 477
2 - 2  0 1045 1022 5 2 - 1 3 790 795
2 -2 1 412 378 6 2 - 1 4 184 181
2 - 2  2 807 798 6 2 - 1 5 755 759
2 - 2  3 279 275 6 2 - 1 7 813 803




























































H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
2 - 1 9  649 646 6
2 -1 11 467 469 8
2 -1 12 101 99 7
2 -1 13 325 327 6
2 -1 14 109 109 8
-1 15 275 258 5
0-15 208 210 6
0-14 142 144 7
0-13 252 252 4
0-12 224 227 4
0-11 262 281 6
0-10 401 422 8
0 -9  387 408 8
0 -8  558 575 6
0 -7  328 340 6
0 -6  856 867 5
0 -5  506 513 5
0 -4  979 988 4
0 -3  376 376 4
0 -2 1370 1328 4
0 -1 387 378 4
0 1 542 522 4
0 2 1245 1226 4
0 3 101 105 3
0 4 1034 1048 4
0 5 63 31 5
0 6 761 758 6
0 8 941 946 6
0 10 639 622 7
2 0 11 148 154 5
2 0 12 428 419 7
2 0 13 167 161 6
2 0 14 322 323 7
2 0 15 137 133 7
2 1-15 132 131 8
2 1-14 214 209 5
2 1-13 221 230 5
2 1-12 267 271 5
2 1-11 320 328 6
2 1-10 259 266 5
2 1 - 9  525 553 7
2 1 -8  306 321 6
2 1 -7  644 667 6
2 1 -6  216 223 5
2 1 -5  982 1005 5
2 1 -4  333 323 5
2 1 -3  1089 1127 4
2 1 -2  288 288 4
2 1 -1 403 415 3
2 1 0  107 107 2
2 1 1 1046 1049 3
2 1 2 360 340 3
2 1 3 1230 1214 3
2 1 4  311 295 4
2 1 5 1028 1046 4
2 1 7  871 862 6
2 1 8  175 175 4
2 1 9  805 803 7
Values of lOAFobs and lOAFcalc
H K L Eobs Fcalc SigF H K L Fobs Fcalc SigF
2 1 10 204 204 4 2 2 8 922 911
2 1 11 534 535 8 2 2 9 241 235
2 1 12 193 194 5 2 2 10 607 604
O
la 1 13 369 362 8 2 2 11 261 257
2 1 14 205 205 6 2 2 12 494 479
2 1 15 291 275 5 2 2 13 196 196




la -14 157 163 7 2 2 15 199 202
o<(l 2--13 199 210 5 2 2 16 209 206
2 O.-12 305 309 6 2 3--14 179 180
2 2--11 250 260 5 2 3-■13 216 212
O<e< 2--10 434 458 8 2 3--12 209 205
2 9 -9 256 266 5 2 3-■11 348 369
2 2 -8 539 570 6 2 3--10 196 198
2 2 -7 268 268 6 2 3 -9 556 577
nt* 2 -6 722 754 5 2 3 -8 311 316
2 2 -5 331 341 5 2 3 -7 553 586
o 2 -4 897 929 4 2 3 -6 294 300
2 9 -3 175 185 4 2 3 -5 813 846
9 n
la
_9 747 781 4 2 3 -4 272 284
2 9 -1 407 408 4 2 3 -2 58 57
2 9la 0 164 145 3 9la 3 0 138 138
2 2 1 73 57 3 2 3 1 1130 1156
2 2 2 1220 1252 3 9 3 2 189 174
2 2 3 164 162 3 2 3 3 1154 1168
2 2 4 1186 1216 4 2 3 4 181 181
2 9la 5 170 151 3 2 3 5 1181 1178
2 2 6 977 992 5 2 3 7 916 887
















































K L Fobs Fcalc SiqF H K L Fobs Fcalc SigF
3 9 762' 736 7 2 4 9 277 278 5
3 10 227 212 5 2 4 10 533 499 8
3 11 463 439 9 2 4 11 246 220 4
3 12 238 231 7 2 4 12 376 345 7
3 13 359 346 8 2 4 13 241 226 5
3 14 219 217 6 2 4 14 275 256 6
3 15 262 249 6 2 4 15 230 211 6
3 16 167 158 8 2 4 16 273 247 6
4-■13 152 149 6 2 4 17 141 132 10
4--12 265 263 4 nla 5--12 111 124 8
4-■11 157 158 5 2 5-■11 269 274 5
4--10 377 393 8 2 5--10 115 114 6
4 -9 131 131 5 2 5 -9 357 364 7
4 -8 555 568 7 2 5 -8 117 117 5
4 -7 260 268 5 2 5 -7 496 507 7
4 -6 550 577 6 nla 5 -6 117 114 5
4 -5 139 149 4 2 5 -5 580 609 6
4 -4 705 721 5 2 5 -3 631 650 6
4 -2 928 958 5 5 -1 962 969 5
4 -1 63 75 4 2 5 1 1086 1082 5
4 0 1187 1197 4 Ola 5 2 364 348 5
4 1 228 221 4 nla 5 3 1137 1130 5
4 2 1328 1311 4 2 5 4 279 282 6
4 3 288 283 5 2 5 5 944 921 6
4 4 914 915 5 2 5 6 312 295 6
4 5 308 292 5 Tla 5 7 659 653 7
4 6 977 984 6 9 5 8 404 390 8
4 7 OC.Ola i J t a 250 5 nla 5 9 544 530 8
4 8 703 707 7 2 5 10 316 311 6
Values of lOAFobs and 10AFc3lc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
2 5 11 399 381 7 2 6 14 229 218
2 5 12 329 315 & 2 6 15 233 212
2 5 13 294 292 7 2 6 16 174 166
2 5 14 244 231 5 n 7-•10 87 70
2 5 15 236 220 6 2 7 -9 269 265
2 5 1G 224 203 6 2 7 -8 77 66
2 6-•11 100 103 9 2 7 -7 400 390
2 6--10 273 262 6 2 7 -6 78 70
2 & -9 87 87 8 2 7 -5 469 470
2 6 -8 366 378 7 2 7 -3 581 585
2 6 -7 83 97 7 2 7 -2 94 92
2 & -6 513 514 7 2 7 -1 671 675
2 G -4 621 637 7 2 7 0 143 148
2 6 _oit 644 655 6 9id 7 1 607 608
2 G -1 113 119 4 2 7 2 231 226
Oij 6 0 798 795 6 2 7 3 591 583
2 G 1 236 243 5 2 7 4 219 211
2 6 2 805 796 6 2 7 5 512 513
•J 6 3 328 315 6 9 7 6 265 272
2 6 4 778 761 6 2 7 7 425 400
2 G 5 300 295 6 2 7 8 278 271
9 6 G 586 575 7 2 7 9 334 323
2 G 7 301 286 6 2 7 10 328 322
2 G 8 323 313 7 9A* 7 11 368 331
2 6 9 426 411 8 oid 7 12 266 254
9it G 10 414 394 8 2 7 13 283 263
2 G 11 338 327 & 2 7 14 192 185
O 6 12 329 308 6 nid 7 15 177 161




























































H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
8 -8 280 272 5 2 9 3 367 353 7
8 -6 358 349 7 2 9 4 290 284 6
8 -4 417 410 8 2 9 5 334 328 7
8 -2 560 553 8 2 9 6 313 314 5
8 -1 171 163 4 2 9 7 357 347 7
8 0 648 644 7 2 9 8 269 267 5
8 1 164 163 5 2 9 9 290 266 5
8 Oid 504 491 8 2 9 10 286 278 5
B 3 257 267 5 2 9 11 214 208 6
8 4 468 452 8 nit 9 12 238 224 6
8 5 337 337 6 2 9 13 163 163 7
8 6 438 435 8 2 9 14 203 187 6
8 7 317 316 6 2 10 -4 249 237 5
8 8 380 363 7 2 10 -2 254 254 5
8 9 312 307 6 2 10 -1 115 125 8
8 10 300 298 6 nid 10 0 301 290 6
8 11 278 268 6 2 10 1 155 168 6
8 12 238 220 5 2 10 2 318 311 7
8 13 227 218 6 n 10 3 193 199 5
8 14 192 184 7 2 10 4 292 290 6
8 15 196 182 7 2 10 5 218 223 5
9 -7 254 246 6 2 10 6 276 262 5
9 -5 279 280 5 2 10 7 244 249 5
9 -3 330 333 7 2 10 8 244 239 5
9 -2 105 117 7 2 10 9 271 265 5
9 -1 434 417 8 2 10 10 182 183 6
9 0 186 185 5 9 10 11 256 249 5
9 1 457 439 8 2 10 12 164 146 7
9 2 193 204 5 2 10 13 212 201 6
<0
Values of lOAFobs and lOAFcalc
H K L Eobs Fcalc SigF H K L Fobs Fcalc SigF
2 11 -3 208 206 7 3 -8 -8 158 180 8
2 11 -2 84 91 11 3 -8 -7 92 95 11
2 11 -1 214 208 6 3 -8 -6 235 242 6
nLt 11 0 128 131 8 3 -8 -5 86 79 11
2 11 1 222 223 6 3 -8 -4 234 243 5
2 11 2 140 150 7 3 -8 -2 211 223 6
2 11 3 22G 215 5 3 -8 -1 148 147 7
2 11 4 159 172 7 3 -8 0 199 214 6
2 11 5 196 191 6 3 -3 1 173 181 7
2 11 6 192 194 6 3 -8 2 154 166 8
2 11 7 167 166 7 3 -8 3 180 185 7
2 11 8 193 208 6 3 -8 4 139 155 9
T<4 11 9 128 126 8 3 -7--11 213 214 6
2 11 10 219 204 6 3 -7 -9 256 268 5
2 11 11 94 103 11 3 -7 -7 283 308 6
2 12 2 158 165 8 3 -7 -6 119 118 8
2 12 3 90 114 11 3 -7 -5 297 312 6
2 12 4 163 146 7 3 -7 -4 144 156 7
2 12 5 138 151 8 3 -7 -3 300 311 6
olU 12 6 170 150 7 3 -7 -2 171 175 6
nCi 12 7 168 168 ' 7 3 -7 -1 287 296 5
2 12 8 147 139 8 3 -7 0 238 243 5
3 -9 -5 196 203 7 3 -7 1 253 264 6
3 -9 -4 99 80 10 3 -7 2 214 232 6
3 -9 -3 175 195 7 3 -7 3 149 163 7
3 -9 -2 90 92 12 3 -7 4 247 240 5
3 -9 -1 139 171 9 3 -7 5 129 149 9
3 -9 0 115 119 10 3 -7 6 198 198 7
3 -8-■10 147 159 8 3 -7 7 127 120 9
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H K L Fobs Fcalc SigF
3 -6-12 211 225 6
3 -6-10 297 301 7
3 -6  -9 117 113 8
3 -6  -8 323 346 6
3 -6  -7 176 1/8 6
3 -6  -6 376 385 7
3 -6 -5 226 222 5
3 -6 -4 315 337 6
3 -6 -3 279 281 5
3 -6 -2 356 357 7
3 -6 -1 276 286 6
3 - 6  0 312 315 5
3 -6 1 294 295 6
3 - 6  2 234 248 5
3 - 6  3 279 281 6
3 - 6  4 185 188 6
3 - 6  5 283 288 6
3 - 6  6 139 149 8
3 - 6  7 245 248 • 6
3 - 6  8 122 135 10
3 - 6  9 163 162 8
3 -5-13 209 217 6
3 -5-11 269 277 5
3 -5-10 129 127 7
3 -5 -9 366 366 7
3 -5 -8 175 176 5
3 -5 -7 421 423 8
3 -5 -6 305 301 5
3 -5  -5 476 489 9
H K L Fobs Fcalc SigF
3 -5  -4 293 306 6
3 -5  -3 430 435 8
3 -5  -2 387 392 7
3 -5  -1 342 342 6
3 - 5  0 478 488 8
3 -5  1 302 311 5
3 - 5  2 391 397 8
3 - 5  3 253 262 5
3 - 5  4 388 390 7
3 - 5  5 222 222 5
3 - 5  6 339 355 8
3 - 5  7 134 126 8
3 - 5  8 306 300 6
3 - 5  9 140 116 8
3 -5  10 213 217 6
3 -4-14 182 200 7
3 -4-13 91 84 11
3 -4-12 274 280 5
3 -4-11 110 121 8
3 -4-10 342 353 6
3 -4  -9 193 191 5
3 -4  -8 432 435 8
3 -4 -7 322 329 7
3 -4 -6 484 475 8
3 -4  -5 378 373 7
3 -4  -4 503 497 8
3 -4 -3 425 423 8
3 -4  -2 413 416 8
3 -4 -1 570 586 8
1 20
Values of 10*Eobs and lOAFcalc
H K L Fobs Ecalc SigF H K L Eobs Ecalc SigF
3 - 4  0 220 214 4 3 - 3  4 602 594
3 -4  1 684 683 8 3 - 3  5 246 243
3 - 4  2 304 305 7 3 - 3  6 519 513
3 - 4  3 489 486 8 3 - 3  7 124 115
3 - 4  4 257 252 4 3 - 3  8 481 484
3 - 4  5 471 465 9 3 - 3  9 75 78
3 - 4  6 161 154 6 3 -3  10 377 365
3 - 4  7 409 417 9 3 -3  12 291 290
3 - 4  8 83 88 10 3 -2-14 210 227
3 - 4  9 345 342 7 3 -2-13 116 116
3 -4  11 281 271 6 3 -2-12 292 306
3 -3-14 81 63 11 3 -2-11 167 171
3 -3-13 230 238 5 3 -2-10 470 484
3 -3-12 123 129 8 3 -2  -9 255 259
3 -3-11 333 338 6 3 -2 -8 587 592
3 -3-10 168 173 5 3 -2  -7 347 332
3 -3 -9 481 482 8 3 -2  -6 429 430
3 -3  -8 240 232 5 3 -2 -5 553 528
3 -3 -7 418 431 8 3 -2 -4 539 547
3 -3  -6 372 363 7 3 -2 -3 782 745
3 -3 -5 454 446 7 3 -2 -2 650 609
3 -3  -4 371 375 7 3 -2 -1 841 813
3 -3 -3 483 487 7 3 - 2  0 534 509
3 -3  -2 582 579 7 3 -2  1 789 771
3 -3 -1 436 437 7 3 - 2  2 490 475
3 - 3  0 666 663 7 3 - 2  3 834 798
3 -3 1 316 308 6 3 - 2  4 306 288
3 - 3  2 697 680 7 3 - 2  5 755 749









































H K L Eobs Fcalc SigF H K L Fobs Fcalc SigF
3 - 2  7 584' 560 8 3 -1 10 474 477 8
3 - 2  8 82 89 9 3 -1 12 395 389 7
3 - 2  9 510 502 9 3 -1 14 287 277 5
3 -2  11 389 375 7 3 0--15 93 107 12
3 -2  13 276 290 7 3 0--14 208 227 6
3 -1-15 208 213 6 3 0--13 119 128 8
3 -1-14 88 104 11 3 0--12 276 297 7
3 -1-13 250 259 6 3 0--11 185 188 5
3 -1-12 147 156 7 3 0--10 345 359 7
3 -1-11 341 361 7 3 0 -9 396 397 7
3 -1-10 261 266 6 3 0 -8 397 416 7
3 -1 -9 494 501 8 3 0 -7 492 491 6
3 -1 -8 405 418 8 3 0 -6 507 491 6
3 -1 -7 460 482 7 3 0 -5 683 687 5
3 -1 -6 536 536 6 3 0 -4 694 689 5
3 -1 -5 514 503 6 3 0 -3 1015 987 5
3 -1 -4 862 838 5 3 0 -2 525 480 5
3 -1 -3 585 565 5 3 0 -1 1162 1133 4
3 -1 -2 1118 1075 5 3 0 0 462 444 4
3 -1 -1 504 485 5 3 0 1 1126 1089 4
3 - 1 0 882 845 5 3 0 2 512 487 5
3 -1 1 480 452 5 3 0 3 1221 1175 5
3 - 1 2 996 961 5 3 0 4 310 299 6
3 - 1 3 498 488 6 3 0 5 910 904 5
3 - 1 4 906 863 6 3 0 7 792 804 6
3 - 1 5 147 148 4 3 0 8 158 163 4
3 - 1 6 765 746 7 3 0 9 716 711 8
3 - 1 7 82 73 8 3 0 11 466 467 8
3 - 1 8 615 621 8 3 0 13 355 357 7
Values of lOAFobs 3nd lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fc3 lc
3 0 14 87 97 11 3 1 14 282 270
3 0 15 255 250 6 3 1 15 135 120
3 1-14 134 129 7 3 1 16 228 220
3 1-13 255 250 5 3 2-14 190 192
3 1-12 188 180 5 3 2-13 175 175
3 1-11 333 339 7 3 2-12 276 276
3 1-10 342 342 7 3 2-11 284 286
3 1 -9 338 347 7 3 2-10 316 324
3 1 -8 488 505 7 3 2 -9 440 460
3 1 -7 370 369 7 3 2 -8 338 342
3 1 -6 558 563 6 3 2 -7 468 496
3 1 -5 483 476 5 3 2 -6 313 327
3 1 -4 846 854 5 3 2 -5 644 659
3 1 -3 531 532 5 3 2 -4 299 317
3 1 -2 1062 1037 4 3 2 -3 886 890
3 1 -1 448 450 4 3 2 -2 486 479
3 1 0 1056 1062 4 3 2 -1 761 787
3 1 1 314 315 4 3 2 0 606 598
3 1 2 1179 1177 4 3 2 1 733 768
3 1 3 165 174 3 3 2 2 116 116
3 1 4 1042 1028 4 3 2 3 999 1016
3 1 6 935 918 5 3 2 4 53 59
3 1 7 205 197 4 3 2 5 1055 1063
3 1 8 792 806 6 3 2 7 874 896
3 1 9 233 235 4 3 2 8 124 123
3 1 10 647 650 9 3 2 9 718 738
3 1 11 106 106 8 3 2 10 141 123
3 1 12 427 421 9 3 2 11 587 565
3 1 13 121 120 8 3 2 12 162 167
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H K L Fobs Fcalc SigF
3 2 13 369 ' 364 8
3 2 14 155 142 7
3 2 15 248 232 6
3 n4* 16 124 1 nnlitl* 10
3 3-•13 194 197 6
3 3-■12 229 233 5
3 3-■11 259 253 5
3 3--10 342 351 7
3 3 -9 270 263 6
3 3 -8 468 478 7
3 3 -7 335 351 7
3 3 -6 593 598 6
3 3 -5 319 327 6
3 3 -4 794 827 5
3 3 -3 232 239 5
3 3 -2 956 989 4
3 3 -1 482 495 4
3 3 0 883 916 4
3 3 1 301 294 . 4
3 3 Oit 1024 1057 4
3 3 3 56 54 4
3 3 4 1209 1226 4
3 3 5 50 55 6
3 3 6 1069 1076 5
3 3 8 725 732 6
3 3 9 92 86 7
3 3 10 660 659 8
3 3 11 150 149 6
3 3 12 491 470 10
H K L Fobs Fcalc SigF
3 3 13 184 189 6
3 3 14 321 294 6
3 3 15 168 157 8
3 3 16 255 232 6
3 4-•13 181 183 6
3 4-•12 187 182 6
3 4- 11 252 256 4
3 4--10 140 137 5
3 4 -9 365 372 7
3 4 -8 177 179 4
3 4 -7 476 490 7
3 4 -6 271 285 5
3 4 -5 635 668 6
3 4 -4 242 254 5
3 4 -3 753 787 5
3 4 -2 105 109 3
3 4 -1 978 1013 5
3 4 0 140 143 2
3 4 3 1096 1124 4
3 4 4 114 112 3
3 4 5 1095 1103 5
3 4 6 214 211 5
3 4 7 777 772 6
3 4 8 149 152 4
3 4 9 660 653 7
3 4 10 160 147 5
3 4 11 542 537 8
3 4 12 198 193 5
3 4 13 356 352 8
122
Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc
3 4 14 168 174 7 3 5 14 296 282
3 4 15 281 264 6 3 5 15 239 226
3 4 16 201 194 7 3 5 16 253 233
3 5-12 209 207 5 3 6--11 223 225
3 5-11 144 144 6 3 6-•10 129 125
3 5-10 251 252 4 3 6 -9 287 286
3 5 -9 73 70 9 3 6 -8 39 96
3 5 -8 367 382 7 3 6 -7 411 414
3 5 -7 150 149 4 3 6 -6 118 108
3 5 -6 474 492 7 3 6 -5 525 543
3 5 -5 223 229 4 3 6 -4 143 143
3 5 -4 560 586 6 3 6 -3 587 597
3 5 -3 157 156 4 3 6 -1 755 771
3 5 -2 727 757 5 3 6 1 696 715
3 5 -1 81 96 5 3 6 2 129 125
3 5 0 918 929 5 3 6 3 734 743
3 5 1 46 33 7 3 6 4 219 218
3 5 2 966 985 5 3 6 5 714 732
3 5 3 55 47 6 3 6 6 219 216
3 5 4 987 989 5 3 6 7 620 622
3 5 5 213 209 4 3 6 8 192 192
3 5 6 851 865 6 3 6 9 524 530
3 5 7 241 248 5 3 6 10 311 321
3 5 8 663 667 7 3 6 11 408 404
3 5 9 265 265 5 3 6 12 288 284
3 5 10 628 606 8 3 6 13 322 301
3 5 11 260 256 4 3 6 14 OOI 213
3 5 12 396 385 8 3 6 15 236 219
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H K L Eobs Fcalc SigF H K L Fobs Fcalc SigF
3 7-■10
I
230 226 5 3 8 -5 402 413 8
3 7 -9 113 102 7 3 8 -3 460 459 8
3 7 -8 324 329 7 3 8 -2 73 74 8
3 7 -7 123 111 6 3 8 -1 519 520 7
3 7 -6 429 430 8 3 8 0 110 109 6
3 7 -4 541 551 7 3 8 1 568 569 7
3 7 -3 60 56 8 3 8 2 180 181 4
3 7 -2 581 577 7 3 8 3 596 591 7
3 7 0 625 613 6 3 8 4 257 253 5
3 7 1 77 78 6 3 8 5 509 497 8
3 7 2 578 581 6 3 8 6 239 241 5
3 7 3 230 223 5 3 8 7 504 506 8
3 7 4 578 574 7 3 8 8 175 177 5
3 7 5 246 240 5 3 8 9 386 389 7
3 7 6 570 566 7 3 8 10 262 260 5
3 7 7 75 71 8 3 8 11 322 308 7
3 7 8 483 481 8 3 8 12 237 234 5
3 7 9 187 189 5 3 8 13 284 271 6
3 7 10 411 398 8 3 8 14 207 204 6
3 7 11 272 275 5 3 8 15 177 172 7
3 7 12 322 324 7 3 9 -6 289 288 6
3 7 13 242 226 5 3 9 -4 337 334 7
3 7 14 284 280 7 3 9 -2 320 321 6
3 7 15 194 189 7 3 9 -1 182 192 5
3 7 16 147 145 9 3 9 0 433 434 8
3 8 -9 216 221 5 3 9 1 170 167 5
3 8 -8 82 64 10 3 9 ot* 457 464 8
3 8 -7 359 337 7 3 9 3 193 190 4
3 8 -6 82 85 9 , 3 9 4 427 411 8
1 
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Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigE H K L Fobs Fcalc SigF
3 9 5 228 221 4 3 10 14 191 197 7
3 9 6 369 378 8 3 11 -2 236 232 5
3 9 7 256 255 5 3 11 -1 80 84 11
3 9 8 367 372 7 3 11 0 259 252 5
3 9 9 252 249 5 3 11 1 118 128 8
3 9 10 273 267 5 3 11 2 261 257 5
3 9 11 221 217 5 3 11 3 148 152 7
3 9 12 196 207 6 3 11 4 240 253 6
3 9 13 215 215 6 3 11 5 133 132 7
3 9 14 170 170 7 3 11 6 223 218 5
3 9 15 170 175 8 3 11 7 177 178 6
3 10 -5 243 228 5 3 11 8 191 186 6
3 10 -3 263 263 5 3 11 9 196 187 6
3 10 -2 90 85 9 3 11 10 132 117 8
3 10 -1 262 263 5 3 11 11 198 198 6
3 10 0 164 158 5 3 11 12 106 104 10
3 10 1 344 339 6 3 12 0‘ 82 86 12
3 10 nu 135 145 6 3 12 1 226 215 6
3 10 3 327 335 7 3 12 2 113 108 9
3 10 4 131 129 6 3 12 3 209 198 6
3 10 5 317 297 5 3 12 4 135 127 8
3 10 6 186 184 5 3 12 5 174 179 7
3 10 7 320 319 6 3 12 6 139 1'40 8
3 10 8 216 220 5 3 12 7 142 144 8
3 10 9 244 238 5 3 12 8 148 157 8
3 10 10 223 007LttUl 5 3 12 9 124 115 9
3 10 11 174 179 6 4 -8 -5 185 196 7
3 10 12 210 210 6 4 -8 -3 196 211 7
3 10 13 153 135 8 4 -8 -1 202 202 6
i
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H K L Fobs Fcalc SigF H K L Fobs Fcalc SigE
4 -8 1 170' 177 8 4 -6 6 227 218 6
4 -7 -8 187 191 7 4 -6 7 158 169 9
4 -7 -6 237 250 6 4 -5-■12 170 180 7
4 -7 -5 96 85 10 4 -5-■10 248 242 5
4 -7 -4 293 301 6 4 -5 -8 344 339 7
4 -7 -3 102 83 9 4 -5 -7 157 154 6
4 -7 -2 286 289 6 4 -5 -6 377 378 7
4 -7 -1 115 113 9 4 -5 -5 203 199 5
4 -7 0 249 253 5 4 -5 -4 364 364 7
4 -7 1 127 140 9 4 -5 -3 223 225 5
4 -7 2 200 206 6 4 -5 -2 366 368 7
4 -7 3 159 153 7 4 -5 -1 281 282 6
4 -7 4 169 174 3 4 -5 0 336 341 7
4 -7 5 175 164 8 4 -5 1 299 307 6
4 - 6-■11 184 185 7 4 -5 2 273 281 5
4 -6 -9 244 245 6 4 -5 3 285 291 6
4 -6 -7 282 308 7 4 -5 4 222 218 5
4 -6 -6 131 126 7 4 -5 5 260 261 5
4 -6 -5 311 323 6 4 -5 6 179 172 7
4 -6 -4 154 148 6 4 -5 7 284 280 5
4 -6 -3 326 334 6 4 -5 8 187 179 7
4 -6 -2 172 171 6 4 -5 9 242 236 6
4 -6 -1 313 317 6 4 -4-■13 189 207 7
4 -6 0 214 216 5 4 -4-■11 255 252 5
4 -6 1 266 276 5 4 -4 -9 355 359 7
4 -6 2 200 199 6 4 -4 -8 144 141 6
4 -6 3 214 219 6 4 -4 -7 376 386 8
4 -6 4 192 183 6 4 -4 -6 281 289 6
4 -6 5 168 170 7 4 -4 -5 408 412 8
124
Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF
4 -4 -4 326 332 7
4 -4  -3 434 427 8
4 -4 -2 321 311 6
4 -4  -1 319 320 6
4 - 4  0 387 382 7
4 -4  1 287 286 5
4 - 4  2 446 429 8
4 - 4  3 266 259 6
4 - 4  4 434 413 8
4 - 4  5 216 218 5
4 - 4  6 342 339 7
4 - 4  7 154 160 7
4 -4 8 302 308 8
4 -4  9 142 129 8
4 -4  10 259 255 6
4 -3-12 260 267 5
4 -3-11 109 91 9
4 -3-10 336 336 6
4 -3  -9 162 165 6
4 -3  -8 400 406 9
4 -3 -7 257 261 5
4 -3  -6 403 391 8
4 -3 -5 354 347 7
4 -3  -4 449 429 8
4 -3 -3 401 382 7
4 -3  -2 439 427 8
4 -3 -1 322 311 6
4 - 3  0 264 262 5
4 -3 1 449 441 8
H K L Fobs Fcalc SigF
4 - 3  2 331 320 6
4 - 3  3 495 500 8
4 - 3  4 347 352 7
4 - 3  5 470 445 9
4 - 3  6 248 253 6
4 - 3  7 386 399 9
4 - 3  8 127 132 8
4 - 3  9 327 323 6
4 -3  11 283 265 5
4 -2-13 251 252 5
4 -2-11 324 320 6
4 -2-10 207 205 5
4 -2 -9 449 454 8
4 -2 -8 306 298 6
4 -2 -7 471 464 8
4 -2  -6 363 359 7
4 -2  -5 466 468 8
4 -2  -4 428 409 7
4 -2 -3 449 452 7
4 -2  -2 541 535 7
4 -2  -1 491 474 7
4 - 2  0 539 535 7
4 -2  1 390 382 7
4 - 2  2 588 570 7
4 - 2  3 399 385 8
4 - 2  4 581 568 7
4 - 2  5 405 404 8
4 - 2  6 523 510 8
4 - 2  7 205 208 5
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K L Eobs Fcalc SigF H K L Eobs Fcalc SigF
2 8 509 490 9 4 -1 13 299 288
2 9 92 89 10 4 0-14 103 95
2 10 343 342 7 4 0-13 228 226
o ni* 1 ̂ 290 280 6 4 0-12 150 151
1-14 230 232 6 4 0-11 309 308
1-13 92 94 10 4 0-10 226 225
1-12 262 275 6 4 0 -9 356 358
1-11 167 173 6 4 0 -8 382 385
1-10 343 353 7 4 0 -7 465 462
1 -9 376 377 7 4 0 -6 442 438
1 -8 504 500 8 4 0 -5 452 452
1 -7 401 398 8 4 0 -4 517 514
1 -6 442 442 7 4 0 -3 444 435
1 -5 484 467 7 4 0 -2 744 713
1 -4 383 391 7 4 0 -1 664 652
1 -3 607 602 6 4 0 0 828 813
1 -2 475 474 6 4 0 1 415 406
1 -1 769 745 6 4 0 2 1012 983
1 0 499 488 ' 6 4 0 3 364 351
1 1 815 799 6 4 0 4 829 812
1 2 417 397 6 4 0 5 194 195
1 3 616 623 6 4 0 6 756 744
1 4 312 287 6 4 0 8 598 602
1 5 656 635 7 4 0 10 480 488
1 6 286 281 6 4 0 12 392 397
1 7 593 583 8 4 0 14 280 267
1 8 116 101 7 4 1-14 210 205
1 9 505 499 9 4 1-13 141 139







































Values of lOAFobs and lOAFcalc
K L Fobs Fcalc SigF H K L Fobs Ecalc
1-11 192 191 5 4 2 -7 466 467
1-10 337 339 6 4 2 -6 411 428
1 -9 278 289 5 4 2 -5 426 432
1 -8 416 415 8 4 2 -4 622 631
1 -7 380 388 7 4 2 -3 502 512
1 -6 455 458 7 4 2 -2 886 883
1 -5 563 569 6 4 2 -1 445 422
1 -4 557 559 6 4 2 0 984 1003
1 -3 602 609 5 4 2 1 214 218
1 -2 528 524 5 4 2 2 900 906
1 -1 904 897 5 4 2 3 276 291
1 0 497 486 5 4 2 4 953 962
1 1 961 936 5 4 2 5 102 100
1 2 229 220 4 4 2 6 935 936
1 3 1108 1085 5 4 2 8 548 542
1 4 226 224 4 4 2 9 126 122
1 5 1020 1001 5 4 2 10 565 567
1 7 649 645 6 4 2 12 454 444
1 8 183 183 3 4 2 14 285 285
1 9 570 563 7 4 2 15 90 83
1 11 482 483 8 4 2 16 236 218
1 13 385 354 7 4 3-13 135 135
1 15 242 227 6 4 3-12 226 222
2-13 221 221 5 4 3-11 m il moJ
2-12 191 190 5 4 3-10 324 325
2-11 314 320 6 4 3 -9 300 308
2-10 233 243 4 4 3 -8 354 363
2 -9 349 341 6 4 3 -7 440 458
















































H K L Eobs Fcalc SigE
4 3 -5 520 530 6
4 3 -4 414 418 6
4 3 -3 816 822 5
4 3 -2 334 344 6
4 3 -1 1299 1305 5
4 3 0 372 382 5
4 3 1 985 991 4
4 3 2 123 125 3
4 3 3 929 957 5
4 3 4 139 139 3
4 3 5 917 937 5
4 3 7 785 786 5
4 3 9 611 615 7
4 3 10 72 60 8
4 3 11 510 512 8
4 3 12 121 122 7
4 3 13 409 388 8
4 3 15 277 262 6
4 3 16 153 127 9
4 4--12 155 154 6
4 4--11 226 222 5
4 4--10 222 225 5
4 4 -9 261 259 4
4 4 -8 369 385 7
4 4 -7 282 298 7
4 4 -6 486 495 7
4 4 -5 291 286 5
4 4 -4 684 702 6
4 4 -3 325 322 6
H K L Eobs Fcalc SigE
4 4 -2 941 962 5
4 4 -1 129 134 3
4 4 0 1207 1239 5
4 4 1 219 216 4
4 4 2 907 937 5
4 4 4 890 909 5
4 4 5 195 193 4
4 4 6 798 822 5
4 4 7 56 51 8
4 4 8 625 631 6
4 4 9 92 94 6
4 4 10 617 616 7
4 4 11 127 132 6
4 4 12 413 418 9
4 4 13 148 157 7
4 4 14 339 338 7
4 4 15 139 129 8
4 4 16 255 230 6
4 5--12 154 159 7
4 5--11 185 176 5
4 5--10 210 209 5
4 5 -9 227 225 4
4 5 -8 149 153 5
4 5 -7 425 432 8
4 5 -6 215 224 4
4 5 -5 507 532 7
4 5 -4 250 250 5
4 5 -3 683 703 6




Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc
4 5 -1 771 789 5 4 6 1 167 164
4 5 0 131 138 3 4 6 2 666 687
4 5 1 832 852 5 4 6 4 778 803
4 5 2 169 178 3 4 6 5 77 98
4 5 3 896 931 5 4 6 6 662 670
4 5 5 751 766 5 4 6 7 183 179
4 5 6 219 203 5 4 6 8 661 658
4 5 7 710 728 6 4 6 9 233 242
4 5 8 106 95 5 4 6 10 549 552
4 5 9 595 614 7 4 6 11 253 257
4 5 10 238 249 5 4 6 12 420 418
4 5 11 537 551 8 4 6 13 212 nnnid  id  ̂
4 5 12 197 204 5 4 6 14 304 295
4 5 13 385 383 8 4 6 15 197 184
4 5 14 181 174 7 4 6 16 151 136
4 5 15 261 245 6 4 7--10 123 124
4 5 16 196 185 7 4 7 -9 259 253
4 6--11 156 149 6 4 *1/ -8 140 126
4 b--10 m eid 217 5 4 7 -7 334 329
4 6 -9 176 176 5 4 7 -6 136 139
4 G -8 281 284 6 4 7 -5 442 449
4 G -7 126 127 6 4 7 -4 140 138
4 6 -6 474 469 7 4 7 -3 571 592
4 6 -5 208 209 4 4 7 -2 93 101
4 G -4 585 606 7 4 7 -1 535 553
4 G -3 209 216 5 4 7 1 593 593
4 G _oid G01 627 6 4 7 Oid 61 61
4 b -1 71 72 6 4 7 3 549 570
















H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
4 7 5 602! 614 7 4 8 10 373 389 8
4 7 6 153 159 4 4 8 11 213 211 5
4 7 7 672 687 7 4 8 12 300 297 6
4 7 8 126 133 6 4 8 13 234 O 5
4 7 9 519 536 8 4 8 14 235 222 6
4 7 10 210 215 4 4 8 15 169 169 7
4 7 11 419 420 8 4 9 -7 231 225 5
4 7 12 192 194 5 4 9 -5 305 302 5
4 7 13 311 310 8 4 9 -3 325 325 7
4 n/ 14 209 206 6 4 9 -1 354 354 7
4 7 15 201 198 7 4 9 0 64 70 10
4 7 16 168 155 7 4 9 1 467 487 8
4 8 -9 89 89 10 4 9 n 116 114 6
4 8 -8 244 244 5 4 9 3 513 510 8
4 8 -7 84 80 9 4 9 4 184 184 4
4 8 -6 324 324 6 4 9 5 499 494 8
4 8 -5 114 111 6 4 9 6 205 206 4
4 8 -4 399 402 8 4 9 7 449 469 9
4 8 -3 71 67 8 4 9 8 227 n o nidUid 6
4 8 -2 490 496 8 4 9 9 365 383 8
4 8 0 534 538 7 4 9 10 201 203 5
4 8 2 561 584 7 4 9 11 261 262 6
4 8 3 120 118 5 4 9 12 214 217 6
4 8 4 565 580 7 4 9 13 188 178 6
4 8 5 184 186 4 4 9 14 214 207 6
4 8 6 603 614 7 4 9 15 152 145 8
4 8 7 212 218 5 4 10 -4 262 259 6
4 8 8 617 627 8 4 10 -2 249 251 5
4 e 9 171 162 5 4 10 0 278 278 5
ro
Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigE H K L Fobs Fcalc SigF
4 10 1 110 106 7 4 12 3 107 109 9
4 10 2 390 402 8 4 12 4 222 218 5
4 10 3 95 97 7 4 12 5 125 125 8
4 10 4 398 403 8 4 12 6 200 199 6
4 10 5 110 110 7 4 12 7 134 128 8
4 10 6 335 346 7 4 12 8 169 165 7
4 10 7 167 179 6 4 12 9 114 124 9
4 10 8 308 312 6 4 12 10 147 134 8
4 10 9 177 184 6 5 -7 -5 188 203 7
4 10 10 255 248 5 5 -7 -3 207 tlti* J 6
4 10 11 196 196 6 5 -7 -1 221 229 6
4 10 12 185 185 6 5 -7 0 84 73 12
4 10 13 185 191 7 5 -7 1 193 208 7
4 10 14 117 119 10 5 -6 -8 211 229 6
4 11 -3 239 234 5 5 -6 -6 231 237 6
4 11 -1 254 246 6 5 -6 -5 91 93 11
4 11 1 271 267 5 5 -6 -4 263 269 5
4 11 2 100 104 9 5 -6 -3 133 130 8
4 11 3 307 310 6 5 -6 _o 285 279 5
4 11 5 287 294 5 5 -6 -1 100 112 10
4 11 6 142 127 6 5 -6 0 245 253 5
4 11 7 233 231 5 5 -6 1 121 126 9
4 11 8 164 166 6 5 -6 2 250 256 6
4 11 9 205 205 6 5 -6 3 135 136 9
4 11 10 151 155 7 5 -6 4 190 192 7
4 11 11 156 152 7 5 -6 5 162 169 9
4 11 12 166 168 7 5 -5 -9 194 211 7
4 12 0 ititO 216 6 5 -5 -7 254 256 6































H K L Fobs Ecalc SigF H K L Fobs Fcalc SigE
-5 -4 104 117 9 5 - 4  9 303 278 6
-5 -3 295 309 6 5 -3-11 250 248 5
-5 -2 162 170 6 5 -3 -9 294 285 7
-5 -1 308 310 6 5 -3 -8 98 93 8
-5 0 179 174 6 5 -3  -7 330 336 7
-5 1 278 293 6 5 -3 -6 139 137 6
-5 2 225 217 5 5 -3 -5 342 342 7
-5 3 275 292 6 5 -3 -4 252 257 5
-5 4 199 198 6 5 -3 -3 407 405 8
~5 5 217 212 6 5 -3 -2 233 244 5
-5 6 219 216 6 5 -3 -1 481 483 8
-5 7 147 148 9 5 - 3  0 238 238 5
-4-•10 221 n oitityj 6 5 -3 1 380 387 8
-4 -8 293 283 5 5 - 3  2 383 394 8
-4 -6 317 316 6 5 - 3  3 318 308 5
-4 -5 132 148 7 5 - 3  4 350 366 8
-4 -4 369 379 8 5 - 3  5 249 244 5
-4 -3 187 183 5 5 - 3  6 348 344 8
-4 378 367 • 7 5 -3 7 207 209 6
-4 -1 234 237 5 5 - 3  8 328 302 6
-4 0 381 368 8 5 - 3  9 109 106 10
-4 1 298 301 5 5 -3 10 279 268 6
-4 2 313 323 7 5 -2-12 237 240 6
-4 3 321 312 5 5 -2-10 279 284 6
-4 4 257 253 6 5 -2 -9 123 124 7
-4 5 286 279 5 5 -2 -8 369 360 7
-4 6 210 207 6 5 -2  -7 166 167 5
-4 7 275 272 6 5 -2 -6 426 420 8
-4 8 128 119 9 5 -2 -5 302 301 6
1 2
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Values of lOAFobs and lOAFcalc Page 21
H K L Eobs Fcalc SigF H K L Fobs Fcalc SigE H K L Fobs Fcalc SigF H K L Fobs Fcalc SigE
5 -2  -4 442 437 8 5 -1 2 527 522 7 5 0 6
i
215 208 4 5 1 9 65 64 9
5 -2  -3 321 341 8 5 -1 3 325 320 6 5 0 7 607 592 7 5 1 10 488 497 8
5 -2  -2 497 495 7 5 -1 4 525 520 7 5 0 8 129 133 6 5 1 12 375 364 8
5 -2  -1 323 324 7 5 -1 5 295 288 5 5 0 9 479 468 8 5 1 14 287 278 5
5 - 2  0 583 579 7 5 -1 6 546 542 8 5 0 10 106 93 7 5 2-13 128 126 8
5 -2  1 352 348 8 5 -1 7 214 213 4 5 0 11 394 387 8 5 2-12 227 221 5
5 - 2  2 367 366 7 5 -1 8 415 419 8 5 0 13 297 292 6 5 2-11 179 180 6
5 - 2  3 506 495 8 5 -1 9 134 115 6 5 1-13 216 213 6 5 2-10 299 313 6
5 - 2  4 345 329 6 5 -1 10 377 370 8 5 1-12 142 136 7 5 2 -9 206 213 5
5 - 2  5 447 460 9 5 -1 11 129 117 8 - 5 1-11 253 262 6 5 2 -8 391 390 7
5 - 2  6 280 279 5 5 -1 12 309 288 6 5 1-10 162 169 6 5 2 -7 367 371 7
5 - 2  7 392 395 8 5 0-12 232 237 5 5 1 -9 320 319 6 5 2 -6 401 401 7
5 - 2  8 184 170 6 5 0-11 137 134 7 5 1 -8 264 268 5 5 2 -5 424 435 7
5 - 2  9 350 334 7 5 0-10 247 240 5 5 1 -7 413 417 8 5 2 -4 390 389
5 -2 11 277 271 6 5 0 -9 208 212 4 5 1 -6 378 377 7 5 2 -3 494 497 6
5 -1-13 210 234 7 5 0 -8 327 326 6 5 1 -5 436 432 7 5 2 -2 482 481 6
5 -1-11 262 255 5 5 0 -7 327 339 6 5 1 -4 365 366 7 5 2 -1 633 636 6
5 -1-10 157 151 6 5 0 -6 481 484 8 5 1 -3 503 493 6 5 2 0 369 382 6
5 -1 -9 295 284 5 5 0 -5 349 347 6 5 1 -2 469 468 6 5 2 1 694 711 5
5 -1 -8 261 259 4 5 0 -4 456 438 7 5 1 -1 512 501 6 5 2 2 254 264 6
5 -1 -7 463 454 8 5 0 -3 364 375 7 5 1 0 707 718 6 5 2 3 745 752 5
5 -1 -6 340 329 6 5 0 -2 466 457 6 5 1 1 365 367 6 5 2 4 230 230 4
5 -1 -5 480 471 7 5 0 -1 593 580 6 5 1 2 669 660 6 5 2 5 736 787 6
5 -1 -4 417 428 7 5 0 0 459 440 6 5 1 3 208 210 4 5 2 6 241 251 5
5 -1 -3 446 454 7 5 0 1 646 638 6 5 1 4 737 738 6 5 2 7 617 639 6
5 -1 -2 431 433 7 5 0 2 293 297 6 5 1 5 265 267 5 5 2 8 203 216 4
5 -1 -1 487 470 7 5 0 3 610 594 6 5 1 6 677 682 6 5 2 9 479 489 7
5 - 1 0 544 539 7 5 0 4 332 336 6 5 1 7 170 176 4 5 2 11 480 477 8
5 -1 1 425 434 7 5 0 5 592 579 7 5 1 8 552 552 7 5 2 13 373 360 7
r o(O
Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigE
5 2 15 266 251 6 5 4-10 244 250 6
5 3-12 133 147 7 5 4 -9 236 233 4
5 3-11 232 232 5 5 4 -8 300 296 6
5 3-10 178 184 5 5 4 -7 395 399 7
5 3 -9 324 334 7 5 4 -6 357 351 7
5 3 -8 299 303 6. 5 4 -5 499 496 7
5 3 -7 402 399 8 5 4 -4 372 385 7
5 3 -6 437 452 7 5 4 -3 633 650 6
5 3 -5 396 413 7 5 4 -2 204 211 3
5 3 -4 511 520 6 5 4 -1 887 919 5
5 3 -3 390 388 6 5 4 0 113 121 4
5 3 -2 715 723 6 5 4 1 947 968 5
5 3 -1 291 291 6 5 4 2 242 251 5
5 3 0 868 868 5 5 4 3 798 826 5
5 3 1 309 322 6 5 4 4 127 127 3
5 3 2 805 825 5 5 4 5 705 721 6
5 3 3 273 275 5 5 4 7 659 685 6
5 3 4 845 858 5 5 4 9 544 546 7
5 3 5 190 200 4 5 4 10 82 80 7
5 3 6 732 741 6 5 4 11 439 449 8
5 3 7 177 182 4 5 4 12 69 69 10
5 3 8 587 602 6 5 4 13 403 395 8
5 3 9 92 89 6 5 4 14 102 108 10
5 3 10 475 495 7 5 4 15 297 292 5
5 3 12 439 443 8 5 4 16 108 100 11
5 3 14 361 359 6 5 5-11 197 196 5
5 3 15 97 77 11 5 5-10 188 190 5
5 4-12 177 174 6 5 5 -9 253 248 5













K L Fobs Ecalc SigE H K L Fobs Fcalc SigF
5 -7 228 223 4 5 6 -4 208 211 4
5 -6 400 407 8 5 6 -3 568 575 7
5 -5 269 266 5 5 6 -2 235 236 5
5 -4 513 524 7 5 6 -1 592 597 6
5 -3 302 301 6 5 6 0 160 156 3
5 -2 644 652 6 5 6 1 655 667 6
5 -1 121 131 4 5 6 2 101 101 5
5 0 785 804 6 5 6 3 643 681 6
5 1 147 152 3 5 6 5 616 625 6
5 2 763 784 5 5 6 7 638 662 7
5 3 165 165 3 5 6 8 129 136 5
5 4 637 661 6 5 6 9 515 532 7
5 6 621 654 6 5 6 10 187 190 4
5 7 95 92 5 5 6 11 459 447 8
5 8 632 655 7 5 6 12 173 177 5
5 9 135 146 5 5 6 13 354 360 7
5 10 477 479 8 5 6 14 149 155 7
5 11 148 142 5 5 6 15 218 225 6
5 12 411 415 8 5 7 -9 197 194 6
5 13 128 134 7 5 7 -8 264 261 5
5 14 339 332 6 5 7 -7 170 167 5
5 15 97 116 11 5 7 -6 360 362 8
5 16 201 201 7 5 7 -5 128 134 5
6 --10 237 225 5 5 7 -4 504 492 8
6 -9 236 234 5 5 7 -3 145 148 5
6 -8 213 217 5 5 7 -2 523 528 7
6 -7 342 339 6 5 7 -1 111 112 5
6 -6 173 177 5 5 7 0 565 572 7
6 -5 461 456 7 5 7 1 81 78 6
1 
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Values of lOAFobs and lOAFcalc
H K L Fobs Ecalc SigF
5 7 2 587 605 6
5 7 4 593 608 6
5 7 6 562 588 7
5 7 7 126 124 5
5 7 8 536 551 7
5 7 9 117 120 6
5 7 10 432 439 8
5 7 11 144 148 6
5 7 12 379 391 7
5 7 13 151 165 7
5 7 14 266 262 5
5 7 15 105 100 10
5 n/ 16 166 158 8
5 8 -8 129 125 7
5 8 -7 260 250 5
5 8 -6 142 132 6
5 8 -5 329 324 7
5 8 -4 102 95 6
5 8 -3 447 444 8
5 8 Li 98 93 6
5 8 -1 473 487 7
5 8 1 5'/4 590 7
5 8 3 589 600 7
5 8 5 569 586 7
5 8 6 177 183 4
5 8 7 523 554 8
5 8 8 205 203 4
5 8 9 473 472 8
5 8 10 108 122 7
H K L Fobs Fcalc SigF
5 8 11 365 380 8
5 8 12 149 153 7
5 8 13 253 258 6
5 8 14 152 158 7
5 8 15 199 197 7
5 9 -7 75 65 11
5 9 -6 235 227 5
5 9 -5 98 79 8
5 9 -4 298 293 7
5 9 -2 399 390 8
5 9 0 436 453 8
5 9 2 527 511 8
5 9 4 516 531 8
5 9 5 135 129 5
5 9 6 458 470 8
5 9 7 278 275 5
5 9 8 438 433 8
5 9 9 199 197 5
5 9 10 331 346 7
5 9 11 158 167 6
5 9 12 233 233 5
5 9 13 174 168 6
5 9 14 147 155 8
5 9 15 134 146 9
5 10 -5 223 215 5
5 10 -3 298 291 6
5 10 -2 75 59 10
5 10 -1 318 320 7















H K L Fobs Fcalc SigF H K L Eobs Fcalc SigE
10 3 384 393 7 5 12 7 196 198 6
10 4 82 79 8 5 12 8 116 126 9
10 5 410 408 8 5 12 9 197 198 6
10 6 123 126 6 5 12 10 118 121 9
10 7 324 326 6 6 -6 -3 186 199 7
10 8 180 185 5 6 -6 -2 99 88 11
10 9 311 314 6 6 -6 -1 192 206 7
10 10 154 167 7 6 -6 0 107 95 10
10 11 240 239 5 6 -6 1 194 206 7
10 12 160 166 7 6 -5 -8 208 207 7
10 13 136 151 8 6 -5 -6 214 217 6
10 14 160 150 7 6 -5 -5 81 50 12
11 -9 294 287 6 6 -5 -4 211 218 6
11 0 282 273 5 6 -5 -3 110 107 10
11 n 299 304 6 6 ~5 -2 230 231 6
11 4 327 332 7 6 -5 -1 98 112 11
11 5 103 111 8 6 -5 0 231 244 6
11 6 284 289 5 6 -5 1 145 135 7
11 7 115 120 8 6 ~5 2 228 242 6
11 8 236 245 5 6 -5 3 165 157 7
11 9 151 146 6 6 -5 4 201 202 7
11 10 OTTL11UL1 227 6 6 -5 5 142 141 9
11 11 163 161 7 6 -4 -9 203 204 6
11 12 177 172 7 6 -4 -7 233 232 6
12 1 235 229 5 6 -4 -5 289 287 5
12 3 244 240 5 6 -4 -4 101 100 9
12 4 119 128 8 6 -4 -3 280 293 6
12 5 236 241 5 6 -4 -2 139 138 7
12 6 110 122 9 6 -4 -1 281 294 5
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Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
6 -4 0 158 159 7 6 -2 -6 81 68 9
6 -4 1 291 294 6 6 -2 -5 379 379 7
6 -4 2 225 216 5 6 -2 -4 162 163 5
6 -4 3 276 273 5 6 -2 -3 402 409 8
6 -4 4 257 236 5 6 -2 -2 278 283 5
6 -4 5 222 223 6 6 -2 -1 499 516 9
6 -4 6 192 185 7 6 -2 0 298 298 6
6 -4 7 132 124 9 6 -2 1 459 455 8
6 -3--10 216 220 6 6 -2 9 307 311 6
6 -3 -8 250 244 5 6 -2 3 334 339 7
6 -3 -6 305 299 7 6 -2 4 318 327 6
6 -3 -5 108 88 8 6 -2 5 255 262 6
6 -3 -4 344 346 7 6 -2 6 330 339 7
6 -3 -3 158 163 6 6 -2 7 206 209 6
6 -3 it 357 369 6 6 -2 8 306 299 6
6 -3 -1 195 195 5 6 -2 9 122 130 9
6 -3 0 371 370 7 6 -2 10 269 252 6
6 -3 1- 229 235 5 6 - 1--10 233 241 5
6 -3 2 338 338 6 6 -1 -9 76 65 10
6 -3 3 264 264 5 6 -1 -8 318 313 6
6 -3 4 282 283 6 6 -1 -7 128 125 6
6 -3 5 283 279 5 6 -1 -6 405 416 9
6 -3 6 227 216 6 6 -1 -5 221 221 4
6 -3 7 244 232 6 6 -1 -4 445 446 8
6 -3 8 116 110 10 6 -1 -3 299 304 7
6 -3 9 222 209 7 6 -1 -2 483 466 8
6 - 2-•11 215 223 6 6 -1 -1 449 434 8
6 -2 -9 236 247 5 6 -1 0 552 540 8
6 -2 -7 344 337 6 6 -1 1 413 420 8
H K L Fobs Fcalc SigF H K L Fobs
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Fcalc SigF
- - ----- ------- ------ -  - --- ---- --- ---
6 -1 2 384 385 8 6 0 9 144 147 G
6 -1 3 427 419 7 6 0 10 381 386 8
6 -1 4 228 228 5 6 0 11 96 102 9
6 -1 5 426 426 8 6 0 12 291 296 6
6 -1 6 210 206 5 6 1-12 214 214 6
6 -1 7 383 373 7 6 1-11 88 75 10
6 -1 8 192 188 5 6 1-10 270 271 5
6 -1 9 350 351 7 6 1 -8 298 302 6
6 -1 10 147 130 7 6 1 -7 208 211 4
6 -1 11 288 285 6 6 1 -6 434 443 8
6 0-■11 237 229 5 6 1 -5 319 314 6
6 0 -9 246 244 5 6 1 -4 517 505 7
6 0 -8 115 112 7 6 1 -3 372 359 6
6 0 -7 370 373 7 6 1 -2 436 438 7
6 0 -6 224 227 5 6 1 -1 427 431 7
6 0 -5 451 456 8 6 1 0 407 407 7
6 0 -4 315 322 7 6 1 1 481 478 7
6 0 -3 478 481 8 6 1 2 367 362 7
6 0 -2 359 352 7 6 1 3 579 594 7
6 0 -1 433 433 8 6 1 4 334 313 7
6 0 0 468 452 7 6 1 5 552 548 7
6 0 1 420 422 7 6 1 6 215 207 4
6 0 2 507 510 7 6 1 7 524 519 7
6 0 3 330 318 7 6 1 8 176 179 4
6 0 4 497 499 8 6 1 9 443 447 8
6 0 5 179 173 4 6 1 10 67 82 10
6 0 6 466 470 8 6 1 11 360 374 7
6 0 7 202 194 4 6 1 13 289 292 7
6 0 8 378 392 8 6 2-11 239 233 5
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Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
6 2-10 129 136 7 6 3 -5 354 362
6 2 -9 317 313 6 6 3 -4 339 329
6 2 -8 179 183 5 & 3 -3 475 480
6 2 -7 360 356 7 6 3 -2 387 394
& 2 -6 305 305 6 6 3 -1 496 501
6 2 -5 395 400 7 6 3 0 389 387
6 2 -4 42G 414 7 6 3 1 599 619
" 6 2 -3 449 442 7 G 3 2 381 377
& 2 -2 42G 435 7 6 3 3 582 579
6 2 -1 356 355 7 G 3 4 279 287
6 2 0 521 534 & 6 3 5 577 577
6 2 1 404 417 7 G 3 G 286 293
G  ̂ 2 489 489 6 G 3 7 684 709
G 2 3 306 305 6 6 3 8 283 284
& 2 4 539 564 6 G 3 9 550 543
G 2 5 298 305 6 6 3 11 424 420
G 2 6 596 595 7 6 3 13 350 356
6 2 7 306 302 6 6 3 15 273 270
6 2 8 547 560 7 G 4--11 180 172
6 2 9 133 138 5 6 4--10 165 160
G 2 10 438 444 8 6 4 -9 257 252
G 2 12 336 341 G 6 4 -8 222 221
G 2 14 296 292 5 G 4 -7 262 259
G 3-11 126 127 8 G 4 -6 381 387
6 3-10 256 250 5 G 4 -5 328 328
6 3 -9 180 179 5 6 4 -4 438 427
G 3 -8 305 300 7 G 4 -3 325 327
6 3 -7 303 297 6 6 4 430 447









































H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
6 4 0 608 ’ 617 6 6 5 5 620 644 6
6 4 1 341 352 6 6 5 6 112 112 5
6 4 2 705 721 6 6 5 7 598 624 7
6 4 3 245 234 5 6 5 9 503 523 7
6 4 4 672 678 & 6 5 11 427 441 8
6 4 5 223 231 4 6 5 13 337 344 7
6 4 6 612 616 & 6 5 14 103 113 9
6 4 7 108 117 5 6 5 15 276 263 5
G 4 8 651 672 7 6 6--10 181 179 6
6 4 9 68 70 8 6 6 -9 208 205 5
6 4 10 450 469 8 6 6 -8 217 220 5
6 4 12 389 398 8 6 6 -7 227 218 4
6 4 13 95 84 9 6 6 -6 320 318 6
6 4 14 332 332 6 6 & -5 241 244 5
G 5-•10 187 176 6 6 G -4 372 373 7
6 5 -9 183 191 6 6 6 -3 247 246 5
6 5 -8 232 227 5 6 G -2 424 438 7
6 5 -7 279 277 5 6 G -1 299 293 5
G 5 -6 256 247 5 6 6 0 467 474 7
6 5 -5 392 392 7 6 G 1 157 161 4
6 5 -4 294 283 5 6 6 2 604 621 6
6 5 -3 397 407 7 6 6 3 188 191 4
6 5 -2 326 330 6 6 & 4 623 643 6
6 5 -1 383 380 7 6 G 5 173 180 4
G 5 0 212 224 5 & 6 G 593 630 7
& 5 1 644 670 6 6 G 7 65 50 8
6 5 2 267 279 5 6 G 8 557 586 7
& 5 3 666 671 6 6 G 10 408 425 8
6 5 4 204 213 4 6 6 11 82 84 8
uw
Values of lOAEobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
6 6 12 395 390 8 6 8 -4 304 300 6
6 6 13 87 98 10 6 8 -3 116 115 6
6 6 14 277 277 6 6 8 -2 447 439 8
6 6 15 86 85 11 6 8 -1 123 132 5
6 7 -9 228 218 5 6 8 0 504 509 7
6 7 -8 216 210 5 6 8 2 558 567 7
6 7 -7 247 238 5 & 8 4 520 534 7
6 7 -6 185 177 5 6 8 6 502 509 7
& 7 -5 323 326 7 & 8 7 67 65 9
6 7 -4 178 172 4 6 8 8 415 425 8
6 7 -3 410 416 8 6 8 10 366 377 7
6 7 -2 185 194 4 & 8 11 76 86 10
6 7 -1 497 511 7 6 8 12 292 309 6
6 7 0 133 131 4 6 8 13 85 95 10
6 7 1 560 559 n/ & 8 14 239 246 5
6 7 OLt 60 54 8 6 8 15 103 98 10
6 7 3 516 536 7 6 9 -6 108 95 8
6 7 5 604 618 7 6 9 -5 257 237 5
6 7 7 508 529 7 6 9 -4 97 90 8
6 7 8 73 65 8 6 9 -3 291 293 6
6 7 9 431 457 8 6 9 -2 70 66 10
6 7 11 348 360 7 6 9 -1 417 412 8
6 7 12 84 92 9 6 9 1 474 463 8
6 7 13 294 297 6 6 9 3 522 516 8
6 7 15 257 257 5 6 9 5 442 460 8
6 8 -8 213 209 6 6 9 6 85 81 8
6 8 -7 169 158 6 6 9 7 325 333 6
6 8 -6 254 237 4 6 9 8 144 152 6
6 8 -5 143 125 6 6 9 9 350 356 7
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H K L Fobs Fc3lc SigF
-  - - ------ --- ---
6 9 10 112 ' 119 7
6 9 11 283 297 6
6 9 12 122 125 8
6 9 13 227 230 6
6 10 -4 262 243 5
6 10 _Ti t 310 303 6
6 10 0 341 335 7
6 10 2 364 364 7
6 10 4 374 374 7
6 10 6 303 315 7
6 10 7 76 82 9
6 10 8 250 255 5
6 10 9 144 148 6
6 10 10 279 293 6
6 10 11 126 125 7
6 10 12 n n ni t  i t  i 235 5
6 10 13 82 104 12
6 11 -3 278 255 5
6 11 -1 311 306 6
6 11 1 278 271 5
6 11 3 284 286 5
6 11 5 287 289 5
6 11 7 255 260 5
6 11 9 242 245 5
6 11 10 139 129 7
6 11 11 213 227 6
6 11 12 99 115 11
6 12 0 269 254 6
6 12 2 212 220 6
H K L Fobs Fcalc SigF
-  - - ------ ------- ------
6 12 4 222 225 5
6 12 5 105 108 9
& 12 6 232 239 5
6 12 7 106 97 9
6 12 8 213 213 &
6 12 9 102 120 10
& 12 10 198 196 6
7 -4 -6 209 212 7
7 -4 -4 226 226 6
7 -4 -2 i t i t O 230 &
7 -4 -1 115 105 9
7 -4 0 235 232 6
7 -4 1 103 120 10
7 -4 2 188 191 7
7 -4 3 143 141 8
7 -4 4 189 192 7
7 -3 -7 243 236 6
7 -3 -5 246 251 5
7 -3 -4 80 82 11
7 -3 -3 281 285 5
7 -3 -2 105 106 9
7 -3 -1 266 273 5
7 -3 0 146 142 7
7 -3 1 263 262 6
7 -3 2 163 150 7
7 -3 3 218 224 6
7 -3 4 188 139 &
7 -3 5 190 203 7
7 -3 6 162 156 7
134
Values of lOAEobs and lOAFcalc
H K L Fobs Fcalc SigF
7 - 3  7 177 173 8
7 -2  -8 246 242 5
7 -2 -6 306 298 6
7 -2  -4 313 310 7
7 -2  -3 149 143 6
7 -2  -2 318 319 6
7 -2  -1 181 188 5
7 - 2  0 311 314 7
7 -2 1 179 173 5
7 - 2  2 310 315 6
7 - 2  3 216 210 5
7 - 2  4 277 282 6
7 - 2  5 220 229 6
7 - 2  6 212 207 6
7 - 2  7 208 205 6
7 - 2  8 194 185 6
7 - 2  9 155 160 8
7 -1 -9 237 243 5
7 -1 -7 296 296 5
7 -1 -5 363 367 7
7 -1 -4 130 133 6
7 -1 -3 363 356 7
7 -1 -2 261 255 5
7 -1 -1 292 304 5
7 - 1 0 323 320 6
7 -1 1 367 368 7
7 - 1 2 252 248 5
7 - 1 3 323 326 6
7 - 1 4 289 288 5
H K L Fobs Fcalc SigF
7 -1 5 259 251 6
7 -1 6 283 283 6
7 -1 7 186 189 6
7 -1 8 273 274 5
7 -1 9 157 159 7
7 -1 10 232 231 6
7 0--10 252 238 5
7 0 -8 269 266 5
7 0 -6 321 332 7
7 0 -5 119 126 7
7 0 -4 388 390 8
7 0 -3 225 233 5
7 0 -2 370 368 7
7 0 -1 319 317 6
7 0 0 323 324 6
7 0 1 390 376 7
7 0 2 371 381 7
7 0 3 335 333 6
7 0 4 274 268 4
7 0 5 342 328 6
7 0 6 201 201 5
7 0 7 361 345 7
7 0 8 179 183 6
7 0 9 323 314 6
7 0 10 103 101 9
•7 0 11 263 262 6
7 1 -9 299 293 5
7 1 -8 74 47 10
7 1 -7 290 292 6
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K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
1 -6 131 138 6 7 2 1 442 446
1 -5 393 389 7 7 2 2 443 422
1 -4 224 233 5 7 2 3 486 495
1 -3 427 427 8 7 2 4 276 280
1 -2 304 304 7 7 2 5 485 479
1 -1 411 414 7 7 2 6 248 249
1 0 341 339 7 7 2 7 435 430
1 1 411 411 8 7 2 8 179 175
1 Ot* 442 443 8 7 2 9 388 391
1 3 342 337 6 7 2 10 78 91
1 4 452 447 8 7 2 11 315 327 6
1 5 259 256 5 *■»/ 9 13 260 264 5
1 6 374 376 7 7 3-■10 105 102 9
1 7 208 200 4 7 3 -9 261 251 5
1 8 401 396 7 7 3 -8 132 134 7
1 9 146 142 6 7 3 -7 297 303 6
1 10 316 323 7 7 3 -6 219 999
1 12 264 267 5 7 3 -5 375 361
2--10 273 269 5 7 3 -4 379 371
2 -9 77 81 11 7 3 -3 344 344
nLi -8 305 309 6 7 3 -2 411 422
2 -7 111. 122 7 7 3 -1 383 373
2 -6 353 337 7 7 3 0 435 434
2 -5 288 278 6 7 3 1 411 406
2 -4 404 402 7 7 3 9 514 522
2 -3 355 375 8 7 3 3 388 381
2 -2 414 399 8 7 3 4 461 477
9 -1 347 348 7 7 3 5 246 249 5
2 0 416 412 7 7 3 6 497 504 7
Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
3 7 163 163 4 7 5 -9 200 183
3 8 492 505 8 7 5 -8 149 153
3 9 127 138 6 7 5 -7 226 222
3 10 376 379 7 7 5 -6 oontiCi* 229
3 11 66 64 10 7 5 -5 266 259
3 12 321 331 7 7 5 -4 326 318
3 14 253 257 5 7 5 -3 322 334
4--10 196 185 6 7 5 -2 331 326
4 -9 139 137 7 7 5 -1 386 393
4 -8 237 234 5 7 5 0 390 401
4 -7 179 178 5 7 5 1 288 287
4 -6 286 298 7 7 5 2 522 527
4 -5 305 300 6 7 5 3 227 233
4 -4 341 338 7 7 5 4 523 535
4 -3 382 382 7 7 5 5 177 187
4 -2 346 349 7 7 5 6 527 548
4 -1 450 434 7 7 5 7 61 66
4 0 375 369 7 7 5 8 517 534
4 1 546 530 7 7 5 10 446 456
4 2 340 334 7 7 5 12 328 333
4 3 531 524 7 7 5 14 236 244
4 4 255 264 5 7 6 -9 158 142
4 5 496 519 7 7 6 -8 205 201
4 G 144 139 4 7 6 -7 189 184
4 7 553 558 7 7 6 -6 226 OOO
4 9 491 510 8 7 6 -5 265 267
4 10 83 75 7 7 6 -4 251 245
4 11 353 363 7 7 6 -3 308 313
4 13 281 292 7 7 6 -2 361 358
i
H K L Fobs Fcalc SigF
7 6 -1 330 325
7 6 0 326 340
7 6 1 431 429
7 6 o* 203 206
7 6 3 573 563
7 6 4 180 185
7 6 5 588 594
7 6 6 140 149 5
7 6 7 512 522 7
7 6 9 477 501 8
7 6 11 388 407 8
7 6 13 272 288 6
7 7 -8 168 165 6
7 7 -7 216 207 5
7 7 -6 228 220 5
7 7 -5 212 209 5
7 7 -4 295 283 5
7 7 -3 207 207 4
7 7 -2 364 367 8
7 7 -1 251 259 5
7 7 0 406 411 8
7 7 1 195 187 4
7 7 2 472 495 7
7 7 3 118 116 5
7 7 4 561 580 7
7 7 5 93 92 6
7 7 6 513 535 7
7 7 7 65 74 9
7 7 8 436 462 8
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K L Fobs Fcalc SigF
7 10 418 427 8
7 12 312 324 7
7 14 247 256 5
8 -7 197 172 5
8 -6 190 179 6
8 -5 219 214 5
8 -4 176 168 5
8 -3 298 293 6
8 -2 143 148 6
8 -1 408 406 8
8 0 138 138 5
8 1 442 450 8
8 2 91 98 7
8 3 480 488 8
8 5 492 510 8
8 7 419 440 8
8 9 408 411 8
8 11 311 323 6
8 13 271 270 5
9 -5 148 137 6
9 -4 219 213 5
9 -3 139 121 6
9 -2 323 310 6
9 -1 113 109 7
9 0 354 375 8
9 1 64 65 10
9 2 405 418 8
9 4 420 430 8


































Values of lOAFobs and lOAFcalc
H K L Eobs Fcalc SigF H K L Fobs Ecalc SigF
7 9 8 346 358 7 8 -3 -2 238 240 6
7 9 10 303 320 6 8 -3 0 220 219 6
7 9 12 249 258 5 8 -3 1 95 79 11
7 9 14 228 226 6 8 -3 2 194 193 7
7 10 -4 107 92 8 8 -3 3 87 85 13
7 10 -3 219 223 5 8 -2 -5 226 228 6
7 10 -2 78 74 10 8 -2 -3 233 259 6
7 10 -1 294 285 6 8 -2 U 103 85 9
7 10 1 309 302 6 8 -2 -1 254 258 5
7 10 3 348 330 7 8 -2 0 117 110 8
7 10 5 340 333 7 8 -2 1 234 241 6
7 10 7 287 300 6 8 -2 2 119 107 8
7 10 9 276 277 5 8 -2 3 219 220 6
7 10 11 245 259 5 8 -2 4 105 119 10
7 10 12 102 97 9 8 -2 5 194 198 6
7 10 13 237 237 5 8 -2 6 160 153 7
7 11 u 233 224 6 8 -1 -6 252 246 5
7 11 0 261 256 5 8 -1 -5 88 78 10
7 11 9 262 260 5 8 -1 -4 271 271 5
7 11 4 259 264 5 8 -1 -3 97 94 9
7 11 6 281 285 6 8 -1 -2 250 255 5
7 11 8 235 249 5 8 -1 -1 133 138 7
7 11 10 240 243 6 8 -1 0 248 251 5
7 11 11 83 93 11 8 -1 1 157 158 6
7 12 1 234 225 6 8 -1 2 262 265 7
7 12 3 224 220 5 8 -1 3 173 177 6
7 12 5 227 226 5 8 -1 4 248 246 5
7 12 7 244 243 5 8 -1 5 173 177 6
7 12 9 196 203 6 8 -1 6 219 209 5
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H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
8 -1 7 194 192 6 8 1 4 352 355 8
8 -1 8 206 202 6 8 1 5 275 280 5
8 0 -7 224 225 5 8 1 6 253 255 5
8 0 -5 287 273 5 8 1 7 288 295 6
8 0 -4 116 106 7 8 1 8 177 168 6
8 0 -3 294 288 5 8 1 9 238 243 5
8 0 -2 110 115 8 8 1 10 104 115 9
8 0 -1 221 219 5 8 1 11 226 215 6
8 0 0 172 179 5 8 2 -7 251 247 5
8 0 1 266 266 5 8 2 -6 101 93 8
8 0 2 218 218 5 8 2 -5 270 281 6
8 0 3 297 306 6 8 2 -4 157 164 6
8 0 4 232 229 5 8 2 -3 321 326 7
8 0 5 264 260 5 8 2 -2 247 245 5
8 0 6 226 227 5 8 2 -1 374 368 7
8 0 7 199 192 6 8 2 0 275 274 5
8 0 8 229 221 5 8 2 1 362 356 7
8 0 9 176 157 6 8 2 o 305 309 6
8 1 -8 233 234 5 8 2 3 339 336 7
8 1 -6 250 252 5 8 2 4 339 346 6
8 1 -5 85 87 9 8 2 5 334 325 7
8 1 -4 303 300 7 8 2 6 339 338 7
8 1 -3 151 149 6 8 2 7 216 207 4
8 1 -2 316 320 6 8 ni l 8 323 327 7
8 1 -1 168 160 5 8 2 9 139 146 7
8 1 0 282 282 6 8 9 10 245 258 5
8 1 1 234 235 4 8 2 11 82 78 10
8 1 o 353 338 7 8 2 12 223 226 6
8 1 3 276 276 5 8 3 -8 250 248 5
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Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
8 3 -7 94 95 9 8 4 2 450 466 8
8 3 -6 268 261 5 8 4 3 302 296 6
8 3 -5 160 158 6 8 4 4 436 449 8
8 3 -4 296 293 6 8 4 5 175 180 4
8 3 -3 265 263 6 8 4 6 366 373 8
8 3 -2 368 359 8 8 4 7 62 71 9
8 3 -1 311 311 6 8 4 8 353 354 7
8 3 0 364 359 7 8 4 9 85 101 8
8 3 1 388 388 7 8 4 10 325 345 7
8 3 n 351 350 6 8 4 12 277 287 5
8 3 3 357 378 8 8 5 -8 221 210 5
8 3 4 284 278 5 8 5 -7 125 110 7
8 3 5 388 388 7 8 5 -6 259 254 6
8 3 6 204 216 5 8 5 -5 196 200 5
8 3 7 347 348 6 8 5 -4 328 310 6
8 3 8 148 152 5 8 5 -3 281 276 5
8 3 9 327 329 7 8 5 -2 307 304 6
8 3 10 133 121 6 8 5 -1 347 350 7
8 3 11 285 290 5 8 5 0 298 295 6
8 4 -8 116 100 8 8 5 1 393 379 8
8 4 -7 263 250 5 8 5 2 266 262 4
8 4 -6 153 145 6 8 5 3 444 450 8
8 4 -5 317 305 7 8 5 4 204 200 4
8 4 -4 218 218 4 8 5 5 454 453 8
8 4 -3 308 312 6 8 5 6 110 108 6
8 4 327 329 6 8 5 7 342 336 7
8 4 - l 367 358 6 8 5 9 361 382 8
8 4 0 377 367 8 8 5 10 78 70 9
8 4 i 293 304 6 8 5 11 324 327 6
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H K L Fobs Fcalc SigF
8 5 13 236 ' 242 5
8 6 -7 220 224 5
8 6 -6 145 139 6
8 6 -5 258 243 5
8 6 -4 248 245 5
8 6 -3 282 270 5
8 6 -2 350 351 8
8 6 -1 305 300 6
8 6 0 342 333 6
8 6 1 237 242 5
8 6 2 374 384 7
8 6 3 215 216 5
8 6 4 435 438 8
8 6 5 141 141 5
8 6 6 426 441 8
8 6 7 134 135 5
8 6 8 366 380 7
8 6 10 379 383 7
8 6 12 284 293 • 6
8 7 -6 223 205 5
8 7 -5 206 196 5
8 7 -4 218 217 5
8 7 -3 297 293 7
8 7 -2 214 206 4
8 7 -1 421 397 7
8 7 0 257 256 6
8 7 1 355 352 7
8 7 nit 163 163 5
8 7 3 431 419 8
H K L Fobs Fcalc SigF.
8 7 4 108 108 6
8 7 5 428 436 8
8 7 6 113 131 6
8 7 7 396 411 8
8 7 8 114 115 6
8 7 9 396 405 8
8 7 11 314 324 6
8 7 13 265 271 5
8 8 -5 181 174 6
8 8 -4 227 225 5
8 8 -3 179 173 5
8 8 -2 292 291 7
8 8 -1 166 161 5
8 8 0 378 369 7
8 8 1 178 187 5
8 8 n4 389 391 8
8 8 3 105 106 6
8 a 4 376 394 8
8 8 6 410 401 8
8 8 7 90 104 8
8 8 8 356 375 7
8 8 10 340 362 7
8 8 12 270 279 5
8 9 -4 168 151 6
8 9 -3 229 215 5
8 9 _o 142 133 6
8 9 -1 286 271 6
8 9 0 168 157 5
8 9 1 328 327 7
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Values of lOAFobs and lOAEcalc
H K L Eobs Ecalc SigE H K L Eobs Ecalc SigE
8 9 2 139 132 6 9 -1 0 96 86 10
8 9 3 359 378 8 9 -1 1 229 232 6
8 9 4 76 82 9 9 -1 2 106 109 9
8 9 5 366 354 7 9 -1 3 231 222 6
8 9 7 389 376 7 9 -1 4 97 108 11
8 9 9 313 334 7 9 0 -4 238 232 5
8 9 11 289 293 6 9 0 -2 262 262 6
8 9 13 237 238 6 9 0 -1 94 72 9
8 10 L, 209 202 5 9 0 0 248 247 5
8 10 -1 102 104 9 9 0 1 145 140 7
8 10 0 269 250 4 9 0 2 226 228 5
8 10 1 136 126 6 9 0 3 151 148 7
8 10 o 277 267 5 9 0 4 218 219 5
8 10 3 102 74 7 9 0 5 147 158 7
8 10 4 312 309 7 9 0 6 203 205 6
8 10 6 340 340 7 9 1 -5 223 211 5
8 10 8 310 317 6 9 1 -3 271 268 5
8 10 10 269 272 5 9 1 -1 325 304 6
8 10 12 231 237 6 9 1 0 91 92 9
8 11 0 93 74 9 9 1 1 244 248 5
8 11 1 231 227 6 9 1 2 187 183 5
8 11 3 241 235 5 9 1 3 270 265 5
8 11 5 283 281 6 9 1 4 183 196 6
8 11 7 321 322 7 9 1 5 253 253 5
8 11 9 248 251 5 9 1 6 198 198 6
8 12 4 236 228 5 9 1 7 196 199 6
8 12 6 262 255 6 9 1 8 171 179 7
9 -1 -3 224 223 6 9 2 -6 218 214 6






















H K L Eobs Ecalc SigE H K L Eobs Ecalc SigE
-3 n o ' 100 8 9 4 -6 222 222 5
-2 296 292 6 9 4 -5 87 75 9
-1 143 138 6 9 4 -4 265 260 6
0 302 307 6 9 4 -3 140 134 6
1 158 155 5 9 4 -2 294 286 5
2 275 276 5 9 4 -1 245 236 5
3 219 222 5 9 4 0 275 274 5
4 299 298 6 9 4 1 256 248 5
5 264 258 6 9 4 2 253 248 5
6 253 248 5 9 4 3 295 289 6
7 220 223 5 9 4 4 268 260 6
8 175 175 6 9 4 5 299 299 7
9 203 207 6 9 4 6 200 199 5
-5 243 225 5 9 4 7 289 285 5
-4 83 95 10 9 4 8 150 154 6
-3 269 264 5 9 4 9 276 283 6
-2 178 170 5 9 4 10 125 120 7
-1 289 287 6 9 4 11 243 250 6
0 219 210 5 9 5 -6 113 93 8
1 285 276 5 9 5 -5 246 236 5
2 208 211 5 9 5 -4 131 121 7
3 300 295 6 9 5 -3 297 277 6
4 250 255 4 9 5 -2 206 198 5
5 260 258 4 9 5 -1 261 266 6
6 295 290 5 9 5 0 263 257 5
7 200 204 5 9 5 1 251 244 5
8 241 246 5 9 5 n 288 294 6
9 158 159 6 9 5 3 216 216 4
10 229 240 5 9 5 4 342 346 7
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Values of lOAFobs and lOAFcalc
H K L Fobs Ecalc SigF H K L Eobs Fcalc SigF
9 5 5 205 205 5 9 7 1 221 214
9 5 6 298 297 5 9 7 2 301 298
9 5 7 179 178 5 9 7 3 189 184
9 5 8 273 267 5 9 7 4 318 325
9 5 9 96 101 8 9 7 5 150 146
9 5 10 298 296 G 9 7 6 32G 331
9 6 -5 140 125 7 9 7 7 156 150
9 G -4 242 230 5 9 7 8 285 301
9 6 -3 198 198 5 9 7 9 83 97
9 6 _ o4i 236 228 5 9 7 10 273 279
9 G -1 261 256 5 9 7 12 260 267
9 G 0 244 236 5 9 8 -4 178 169
9 G 1 284 271 6 9 8 -3 214 209
9 G oAt 228 228 4 9 8 ~2 142 128
9 G 3 343 333 7 9 8 - i 298 286
9 6 4 194 194 4 9 8 0 164 147
9 G 5 338 339 G 9 8 1 306 305
9 G G 195 191 5 9 8 2 172 175
9 6 7 294 293 6 9 8 3 291 283
9 G 8 145 161 G 9 8 4 125 129
9 G 9 273 280 6 9 8 5 295 294
9 6 10 74 74 10 9 8 6 105 94
9 6 11 276 287 5 9 8 7 310 321
9 7 -5 205 202 G 9 8 9 273 277
9 7 -4 189 180 6 9 8 11 260 260
9 7 -3 188 176 5 9 9 -2 212 196
9 7 -2 286 272 6 9 9 -1 147 130
9 7 -1 175 164 5 9 9 0 263 255




































H K L Fobs Fcalc SigF H K L Fobs
rage 
Fcalc SigF
— “ --- ---- --- - - - --- --- ---
9 9 2 277 277 6 10 2 3 198 204 6
9 9 3 141 138 6 10 2 4 163 160 6
9 9 4 281 267 5 10 2 5 194 199 6
9 9 5 94 91 8 10 2 6 152 166 7
9 9 6 301 294 5 10 3 -3 91 79 10
9 9 8 293 292 6 10 3 -2 249 239 5
9 9 10 242 262 6 10 3 -1 143 135 7
9 10 0 137 127 7 10 3 0 273 263 6
9 10 1 245 227 5 10 3 1 149 144 7
9 10 2 125 120 7 10 3 2 222 227 5
9 10 3 258 251 5 10 3 3 168 163 6
9 10 4 105 92 8 10 3 4 190 188 6
9 10 5 263 260 5 10 3 5 183 190 6
9 10 7 285 282 6 10 3 6 199 194 5
9 10 9 251 256 5 10 3 7 186 181 6
9 11 2 218 213 6 10 4 -3 234 225 6
9 11 3 91 71 9 10 4 -2 99 101 9
9 11 4 248 235 5 10 4 -1 234 228 5
9 11 6 263 256 6 10 4 0 158 143 6
9 11 8 264 258 5 10 4 1 235 231 5
10 1 0 255 254 5 10 4 2 183 173 5
10 1 1 105 97 9 10 4 3 231 226 5
10 1 2 223 216 6 10 4 4 207 193 5
10 1 3 118 120 9 10 4 5 185 191 6
10 2 -2 92 96 10 ■10 4 6 222 219 5
10 n -1 291 295 7 10 4 7 183 185 6
10 2 0 115 110 8 10 4 8 209 212 5
10 2 1 257 251 5 10 5 -3 79 83 11
10 2 2 141 133 7 10 5 _2 224 218 5
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Values of lOAFobs and lOAFcalc
H K L Fobs Fcalc SigE H K L Fobs Fcalc
10 5 -1 153 135 6 10 7 3 232 228
10 5 0 244 230 5 10 7 4 205 201
10 5 1 169 150 5 10 7 5 263 255
10 5 2 230 217 5 10 7 6 178 182
10 5 3 187 203 G 10 7 7 293 297
10 5 4 232 22G 5 10 7 8 179 165
10 5 5 238 238 5 10 7 9 226 235
10 5 G 213 212 5 10 8 -1 154 141
10 5 7 254 255 5 10 8 0 225 213
10 5 8 153 1G0 6 10 8 1 181 175
10 5 9 221 229 G 10 8 2 242 232
10 6 -3 217 210 5 10 8 3 176 175
10 6 -2 126 118 7 10 8 4 ' 252 241
10 6 -1 209 208 5 10 8 5 159 148
10 0 0 187 170 5 10 8 G 252 251
10 G 1 238 227 5 10 8 7 96 96
10 G 2 178 180 G 10 8 8 255 248
10 G 3 209 213 5 10 9 1 227 211
10 6 4 230 230 5 10 9 2 174 161
10 6 5 224 228 5 10 9 3 226 225
10 6 G 289 239 G 10 9 4 139 152
10 6 7 227 nno 5 10 9 5 232 233
10 G 8 251 259 5 10 9 7 239 237
10 G 9 116 126 8 10 10 4 227 221
10 7 -2 183 180 6 10 10 5 91 102
10 7 -1 182 171 6
10 7 0 197 194 5 _
10 7 1 227 215 5
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RESULTS AND DISCUSSION
Both the hexamethylbenzene and two ethylene groups 
are n— bonded (hexahapto for HMB and dihapto for the 
ethylene groups) to the osmium atom (figure 4-1). The Os 
atom lies in the plane (PI) formed by the two centers (XE1 
and XE2) of the ethylene groups and the center (XB) of the 
HMB (table 4-5). The best plane (P2) formed by all six 
HMB ring carbons is perpendicular to PI. The XB-Os-XEI 
and XB-0s-XE2 angles are 133.754(7) and 133.544(7)°. The 
two ethylene groups are perpendicular to PI, and the best 
plane (P3) formed by these four ethylene carbon atoms is 
also perpendicular to PI and parallel to P2 (table 4-5). 
The two Os-XE distances are 2.0144(1) and 2.0012(1) A.
Thus the molecule can be viewed as a sandwich compound, in 
which Os, XB, and the center of the two ethylene groups 
(XEC) are co-linear, with Os-XB = 1.7457(1) A and Os-XEC = 
1.3859(1) A (tables 4-5 and 4-6; figure 4-1). Since the 
bonding properties of Ru, Rh, and Ir are empirically 
similar to Os45, the following discussion will include Ru, 
Rh, and Ir analogues.
The distance between the center of the HMB and the 
0metal is 1.7457(1) A, which is comparable to those found 
in other Ru-HMB complexes [ Ru(46-HMB) (7?4-HMB) (1.750 
A)87, and Ru(C6Me6)(C6Me,(CH2)2) (1.724 A)8«], but is 
shorter than Rh-HMB complexes (1.807(4) - 1.829(3) A)89"60 
and 11— HMB complexes (1.772(6) - 1.802(3) A)“ -62. This





















































The Equation of the Plane: Ax + By + Cz = D;




XB = Centroid of the HMB;


















O s --- Cl 2.246(3) Cl - Os - C2 35.8(1)
O s --- C2 2.287(3) Cl - Os - C6 37.7(1)
O s --- C3 2.216(4) C2 - Os - C3 36.9(1)
O s --- C4 2.249(3) C3 - Os - C4 37.8(1)
O s --- C5 2.294(3) C4 - Os ~ C5 35.9(1)
O s --- C6 2.215(3) C5 - Os - C6 37.0(1)
O s --- XB 1.7457(1)
O s --- C7 I 2.144(4) C71 -■ Os - C72 39.0(2)
O s --- C72 2.131(4) C81 -■ Os - C82 39.1(2)
O s --- XE 1 2.0144(1 ) Os - XE1 - C71 90.6(4)
O s --- C81 2.123(4) Os - XE1 - C72 89.5(3)
O s --- C82 2.124(4) Os - XE2 - C81 89.9(4)
O s --- XE2 2.0012(1) Os - XE2 - C82 90.0(3)
O s --- XEC 1.3859(1) XB - Os - X E 1 133.754(7)
XB - Os - XE2 133.544(7)
XE 1 -■ Os - XE2 92.702(5)
XB - Os - XEC 180.0
C l --- C2 1.397(5) Cl — -  C 1 2 1 .520(5)
C 2 --- C3 1.430(5) C2 — - C22 1.514(5)
C 3 --- C4 1.447(5) C3 — - C32 1.512(5)
C 4 --- C5 1.402(5) C4 — - C42 1.504(5)
C 5 --- C6 1.434(5) C5 — - C52 1.505(5)
C 6 --- Cl 1.441(5) C6 --- C62 1.516(5)
C71 — H7I 1 0.995(5) H71 1 - C71 - H7I2 117.2(5)
C71 — H712 0.927(5) C72 - C7I - H711 122.0(5)
C72 — H721 1.084(5) C72 - C71 - H712 115.7(5)
C72 — H722 0.983(5) H721 - C72 - H722 108.7(4)
XE1 -- C7I 0.714 C7I - C72 - H721 125.7(4)
X E 1 -- C72 0.713 C7I - C72 - H722 119.5(5)
C81 — H81 1 0.872(5) H8I 1 - C8I - H812 95.7(4)
C81 — H8I2 1.011(5) C82 - C81 - H811 125.4(6)
C82 — H821 1.063(5) C82 - C8I - H812 125.4(5)
C82 — H822 1.007(5) H821 - C82 - H822 126.4(4)
XE2 — C81 0.712 C81 - C82 - H821 111.9(5)
XE2 — C82 0.710 C81 - C82 - H822 115.0(5)
XE1: Center of C7I and C72; XE2: Center of C81 and C82
XEC: Center of Two Ethylenes; XB: Center of HMB 
Table 4-6 Selected Bond Lenghts (A) and Angles (°)
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difference is not surprising because the Rh and Ir atoms 
are in the +1 oxidation state in these metal—HMB complexes 
in accordance with the "18-electron rule", whereas Ru and 
Os are in the zero oxidation state. Thus the degree of 
back bonding in these Rh and Ir complexes is less than it 
is in the Ru and Os complexes, and the former complexes 
have the- longer metal-center distances.
The HMB ligand has a significantly non-planar twist- 
boat conformation ( x 2 = 357 compared with x 2s o - o i  =  
15.09)14 with two opposite ring carbon atoms (C2,C5) 
pointing away from the Os atom and the other four carbon 
atoms in the "keel" oriented toward the Os atom (table 
4-5). Similar conformations and orientation are observed 
in Ru(7?6-C6Me6) (J?4-C6Me6) 57 but are opposite to other 
M-arene complexes (M = Ru, Rh, Ir; arene = HMB, 
mesitylene)s*”63, in which the four carbon atoms in the 
"keel" are oriented away from the metal. The distances 
from Os to C2 and C5 are 2.297(3) and 2.294(3) A ; the 
distances to C3 and C6, the carbon atoms farthest from the 
mean HMB plane and closest to the metal atom, are 2.216(4) 
and 2.215(3) A. The remaining two distances are 2.246(3) 
and 2.249(3) A. Thus, the idealized Os-HMB C 6v symmetry 
has been reduced to C2 with the rotational axis passing 
through the metal and the center of the HMB ring. This 
distortion indicates that there is appreciable dir-pir* back 
bonding between metal and the HMB.
14 7
The ring distortion is further illustrated by 
variations in the C-C bond lengths. Within experimental 
error, opposite pairs of C-C ring bonds are the same 
length but differ from the others (table 4-6). This 
distorsion is consistent with the twofold distortion 
described above. The C-C ring bonds range from 1.397(5) 
to 1.447(5) A and average 1.425(2) A, which is 0.03 A 
longer than the C-C distance found in free benzene45. The 
variation in length of the ring bonds is additional 
evidence for the existence of djr-pir* back bonding.
All methyl groups on HMB are bent away from the 
metal. The ring-to-methyl distances vary from 1.504(5) to
o o1.520(5) A and average 1.512(2) A. These distances are 
comparable to those in similar complexes of Ru, Rh, and
J r B 7 - 5 8 6 0-64
The two ethylene groups are symmetrically coordinated
oto 0s with an average Os-C distance of 2.130(2) A (table 
4-6). This distance is shorter than the corresponding 
distances in Ru and Rh complexes: RuCl2(CO)(C2H 4)
(P ( Me ) 2 Ph ) '2 (2.214(4) A)65, (Ru (C6Me6 ) H (CZH, ) (PMe3 ) ) PF6 
(2.168(10) -2.194(9) A)66, Ru(C2H,)(PMe3), (2.155(7) - 
2.178(6) A)67, Rh(CBH8)(CzH,) (CZF,) (2.167(2) &)6», and 
Rh(CBH B)(C2H«)(S02) (2.155(6) A)69. The M-C distance in 
Rh(CBMeB)(PPh3)(C2H4) is, however, shorter: (2.089(11) - 
2.2096(9) A)70. This short Os-C distance is probably due 
to the fact that osmium in the zero oxidation state is a
better 7r-base than the mono- and di-valent metals.
The hydrogen atoms on both ethylene groups are bent 
away from the Os atom. The distances between Os and the 
best planes formed by the four hydrogens of each ethylene
Ogroup are 2.236 and 2.222 A. The ethylene carbon atoms 
lie from 0.195 to 0.200 A closer to the Os (table 4-5). 
This distortion of the ethylene groups from idealized D zh 
symmetry also suggests that significant metal-olefin back 
bonding occurs. The degree of back bonding at a 
coordinated ethylene can be judged by two factors: the C-C 
bond distance, and the parameter « defined71 as the angle 
between the H-C-H planes. The C-C bonds in the present 
complex are equivalent, 1.422(7) and 1.427(6) A, 
significantly greater than that of free ethylene (1.337(2) 
A)7*, or the distance found in Zeise's salt (1.375(4)
OA)73, but within the range found for other ethylene-metal 
7r-complexes (table 4-7) . The two angles « found in the 
present complex, 44.51° and 59.22°, are also within the 
range found for other metal ethylene compounds (table 
4-7). However, both the C-C distances and « values in 
this Os complex lie toward the high-distortion end of 
these ranges, which suggests that there is strong back 
bonding between Os and ethylene.
Compound
C 2H«
Pt(P(C*Hi,) 3 )(C2H*)(C2F*) 
Rh(CBH B)(C2F,)(C2H,)








Table 4-7 Structural Data for
C-C (A) « (°) Ref.








1.427(6) 44.5(7) this work
1.422(7) 59.2(9) this work
1.438(5) 70(4) 33
1.477(4) 68.5 30
Selected Metal Ethylene Complexes
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CHAPTER V 
Organic Change-Transfer Salts 




The intensive search for superconductivity in an 
organic molecular system culminated in 1980 in the 
discovery of this phenomenon in the Se-based radical 
cation salt bis-(tetramethyltetraselenafulvalene) 
hexafluorophosphate, (TMTSF)2PF678. This compound is a 
member of the broader family known as Bechgaard salts, 
(TMTSF)2X, where X is a monovalent anion. In this family 
planar, fractionally oxidized organic cations (I) are 
stacked face-to-face to form columns; these columns are 
then separated by layers of anions.
More recently7* superconductivity was discovered in a 
sulfut— based radical cation organic system (BEDT-TTF)2ReO< 
[BEDT-TTF, bis(ethylenedithiatetrathiafulvalene), is 
commonly abbreviated ET (II)]. During the past five years 
a large amount of experimental data from TMTSF and ET 




Unlike Bechgaard salts, ET salts display a variety of 
crystallographic phases. Among them only the £-phase 
(usually space group PT with Z=1) posseses
superconductivity at low temperature*2"•B. In this phase 
the ET molecule is not planar; the two ethylene groups are 
twisted out of plane, which prevents the ET molecules from 
stacking closely face to face. Thus, the ET molecules 
form "corrugated" sheet networks through side-by-side S-S 
contact.
A non-superconducting orthorhombic phase of bis-[bis- 
(ethylenedithiatetrathiafulvalenium)] diiodoaurate(I), 
ET2AuI2 , is reported here (figure 5-1). The detailed 
crystal and molecular structures are discussed and 
compared to other ET salts. In addition, ab initio 
quantum mechanical calculations on an idealized (D2h 
symmetry) neutral ET molecule were carried out in 
collaboration with Prof. Brener of LSU Physics Department. 
It is expected that these results will be further used in 
future band calculations by Professor Brener.








Lustrous black crystals were synthesized in Professor 
Gale's research group at Louisiana State University by 
electro-crystai1ization with ET molecules as the organic 
donor*®"®6. A plate-like crystal with approximate 
dimensions 0.36 x 0.16 x 0.08 mm was mounted on a glass 
fiber, with the longest edge parallel to the fiber. The 
crystal was then mounted on an Enraf-Nonius CAD4 automated 
diffractometer equipped with a graphite monochromator 
tuned to Mo Ka radiation. Twenty-five reflections were 
located by program SEARCH10. An orthorhombic unit cell 
was deduced from these reflections using program INDEX10. 
Another 25 high angle reflections (theta from 10° to 11°) 
were carefully centered, and least squares analysis 
produced the more precise unit cell constants. Crystal 
data are listed in table 5-1
The data were collected using Mo-Ka radiation. Only 
one-eighth of the reflection sphere was collected because 
of orthorhombic symmetry. Reflections 100, 040, and 006 
were measured periodically to detect any possible crystal 
decay, but none was observed. Two other reflections 
(2,-4,14) and (-3,-1,11) were redetermined every 200 
reflections for orientation control. The intensities of 
reflections 100, 202, 200, and 502, which all have x 
values near 90°, were measured at incremental ^ values of 
10°, and the results were applied to an empirical
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absorption correction. Finally, Lorentz and polarization 
corrections were applied and a set of observed structure 
factors was produced. All data reduction calculations 
were carried out using SDP10.
Precession photographs of the three principal zones 
were taken, and diffraction profiles of selected 
reflections were also collected. Abnormal splitting was 
observed for some reflections (figure 5-2), which might be 
responsible for the higher R values obtained for the final 
refinement.
Program CLASSIFY11 sorted the reflections into 
intensity and parity groups. The absence of OkO 
reflections with odd values of k reveals the presence of a 
two-fold screw along the b-axis. A 2 t also exists along 
the c-axis because of the absence of 001 reflections with 
odd values of 1. Also, there are two glide planes. One 
is perpendicular to the a-axis with translation along b 
resulting in the absence of Okl reflections with odd 
values of k. The hOl reflections with odd values of 1 are 
absent, indicating that the other glide plane is 
perpendicular to the b-axis with translation along c. By 
combining all the systematic absences mentioned above, the 
space group is identified as either Pbcm or Pbc2i.
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I > 3 or (I)
Variables
R = 2||Fo|- |Fc|| / S|Fo|
wR = [ 2w ( | Fo | - | Fc | ) 2 / 2w | Fo | 2 ] 
w = 1 / ( <x2 (F) + | g | F 2 ) 
g = 0.002426
Table 5-1 Crystal Data
Aul2^1 6^2 oHx 6 
1220.15



















SOLUTION OF THE STRUCTURE
The structure was solved by the heavy atom method13 
using SHELX-7618. The Patterson map gave the position of 
the Au atom, and the positions of both iodine atoms were 
revealed by a difference Fourier map. Based on these 
three atoms, three cycles of least squares followed by a 
difference map yielded all sulfur atom positions. The 
remaining carbon atoms were located from successive 
difference maps.
The structural model was refined by ful1-matrix least 
squares methods1*-18 using SHELX-76. After several 
cycles, the R value had dropped to 0.18. At this stage, 
all non-hydrogen atoms in the model were converted to 
anisotropic thermal motion. The positions of all hydrogen 
atoms were calculated assuming idealized C-sp3
0hybridization and with C-H bond lengths of 1.08 A, and 
they were constrained to ride on the corresponding carbon 
atoms for the following refinement. A weighting scheme 
(table 5-1) also replaced the unit weights used 
heretofore. The R and wR values dropped to 0.0660 and 
0.1012 after several more cycles.
Because of the method of synthesis of the 
crystals88-86, there is a possibility that there are some 
other anions, YX2 (Y = Au, I and X = Br, I) 
co-precipitated with Aul2 in the crystal. Therefore, two
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additional models were refined. In model I, the Aul2 
anion was mixed with the AuBr2 anion in a statistically 
disordered model. The site occupation factor for iodine 
atoms was x and for bromine atoms was 0.5-x, where x is a 
variable refined in the least squares process. In model 
II, the Au I2 anion was mixed with an I3 anion and the site 
occupation factors for all three atoms in the two anions 
were constrained as above. Several least-square's cycles 
were run, but both models had R values higher than the 
model which contained only Aul2. Moreover, the site 
occupation factor for the second anion was negative. 
Therefore, these two disordered models were rejected.
The model of the structure up to this point had been 
constrained to the centrosymmetric space group, Pbcm.
There is a non-centrosymmetric space group, Pbc2t , which 
is also consistent with the systematic absences described 
in the experimental section. To test this space group, a 
second inpendent molecule was generated by an inversion 
operation and then each atomic position was moved slightly 
(in a random manner) to prevent a singular matrix from 
forming in the least squares process. Several cycles were 
run, but the refinement of this model did not reach 
convergence (shift / e.s.d. < 0.1). Therefore, this 
non-centrosymmetric model was rejected.
Thermal ellipsoid analysis revealed that one ethylene 
group (C13-C14) had large apparent thermal motion, with
1 6 2
angles between the major principal axes and the CJ3-CI4 
vector of 105.2° and 92.5° respectively (figure 5-3). In 
addition, this ethylene group showed an eclipsed 
conformation instead of the expected staggered 
conformation (figure 5-4). It was inferred that the 
positions of C13 and C14 are positionally disordered and 
that the positions of C13 and C14 in the "ordered” model 
are in fact the averages of two conformations. Therefore, 
a disordered model was refined in which the two ethylene 
carbon atoms were split into four positions, each 
containing a half-CHz group (figure 5-5). These groups 
were refined isotropically with riding H atoms. During 
the refinement, the C-C bond in the disordered ethylene
Ogroup was constrained to the value of 1.50(1) A.
The final R and wR values for the ethylene-disordered
model in space group Pbcm are 0.0644 and 0.1016 over 1638
reflections and 177 parameters. The maximum residual peak
in the final difference map, which is close to the Au 
0atom, is 2 e/A3. The atomic parameters of all atoms in 
the asymmetric unit are listed in table 5-2. Anisotropic 
thermal parameters are presented in table 5-3. Table 5-4 
lists the calculated and observed structure factors.
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Figure 5-5 End View of Disordered Ethylene Group
C132
ATOMIC POSITIONAL PARAMETERS X 10**4 (H X 10**3)
ISOTROPIC TEMPERATURE FACTOR X 10**3 (H X 10**2)
ATOM X Y Z U
AU ( 1 ) 2179(2) 210(1) 2500 164(1) X
1(1) 435(5) 1639(3) 2500 302(4) M
I (2) 3925(5) -1211(2) 2500 262(3) X
SC 1 1 ) 4898(7) 3823(5) 4414(1) 212(7) X
S( 12) 781(7) 3835(5) 4677(1) 198(7) X
S( 13) 4046(6) 4139(3) 3549(1) 111(5) X
S( 14) -859(7) 4179(4) 3865(2) 151(6) X
SC21 ) 6291(7) 3590(5) 5353(1) 226(8) X
S(22) 2163(7) 3613(5) 5612(1) 237(9) X
S (23) 7917(6) 3542(4) 6181(1) 132(5) X
S (24) 3006(7) 3610(4) 6482(1) 143(6) X
C( 1 ) 3206(26) 3776(18) 4822(6) 213(28)*
C( 1 1 ) 3067(22) 4024(11) 4040(5) 82(17)*
C( 12) 1275(23) 4016(12) 4157(4) 88(19)*
C( 131) 1842(45) 3725(28) 3289(11) 41 (7)
C ( 132) 1852(43) 4260(28) 3241(10) 41 (7)
C ( 1 41 ) 154(51) 3711(27) 3395(11) 48(7)
C ( 142) 6(49) 4258(29) 3363(11) 48(7)
C (2) 3857(26) 37I0(18) 5213(5) 206(29)*
C (21 ) 5827(22) 3624(11) 5866(4) 87(18)*
C (22) 3989(22) 3616(12) 5994(5) 97(19)*
C (23) 6812(27) 2945(12) 6609(5) 118(19)*
C (24) 5153(28) 3451(13) 6796(5) 116(20)*
H( 131) 160(4) 304(3) 339(1) 7
H ( 132) 212(4) 374(3) 296(1) 7
H ( 133) 219(4) 404(3) 294(1) 7
H ( 134) 140(4) 496(3) 324(1) ' 7
H ( 1 4 1 ) -99(5) 368(3) 317(1) 7
H ( 142) 68(5) 304(3) 346(1) 7
H(143) 28(5) 496(3) 329(1) 7
H ( 144) -113(5) 399(3) 317(1) 7
H (231) 793(3) 284(1) 684(1) 7
H (232) 627(3) 230(1) 650(1) 7
H(241) 470(3) 309(1) 707(1) 7
H (242) 569(3) 411(1) 688(1) 7
* EQUIVALENT ISOTROPIC TEMPERATURE FACTOR
Table 5-2 Atomic coordinates and Thermal Parameters
ANISOTROPIC THERMAL PARAMETERS X 10**3
ATOM U1 1
AU ( 1 ) 48 ( 1 )
1(1) 102(2)
I (2) 103(2)




S (21 ) 30(3)
S (22) 29(3)
S (23) 31 (2)
S (24) 36(3)
C( 1 ) 30(10)








99 ( 1 ) 32 ( 1 )







































































-17 ( 1 1 ) 
0 (8) 
-4(8) 
- 8 ( 12) 
3(8) 
-1 (8) 
-6 ( 10) 
4(10)





































H K L 10F0 tOFC H K
4 5 0 2367 2275 1 13
5 5 0 459 435 4 13
6 5 0 863 -881 0 14
0 6 0 1565 1556 2 15
1 6 0 416 489 1 1
2 6 0 1832--1662 2 1
3 6 0 301 -295 3 1
4 6 0 1632 1557 4 1
5 6 0 930 938 5 1
7 6 0 475 -480 6 1
1 7 0 706 -756 8 1
2 7 0 605 -555 0 2
3 7 0 384 355 1 2
4 7 0 512 508 2 2
5 7 0 328 -362 4 2
6 7 0 702 -617 5 2
0 8 0 2822 2836 6 2
1 8 0 1061--1054 1 3
2 8 0 939 -892 2 3
5 8 0 460 428 3 3
7 8 0 389 -395 4 3
1 9 0 774 -798 6 3
2 9 0 1027--1079 0 4
3 9 0 976 983 1 4
4 9 0 563 -524 2 4
5 9 0 362 -369 3 4
2 10 0 276 197 4 4
4 10 0 407 -364 5 4
5 10 0 395 -412 1 5
1 11 0 667 -758 2 5
2 11 0 809 -834 3 5
3 11 0 531 464 4 5
1 12 0 368 323 5 5





































L 1OFO 10FC H K L 10FO 10FC H K L 10FO 10FC
0 591 -599 0 6 1 1485--1738 5 0 2 1699--1694
0 385 392 1 6 1 207 337 6 0 2 262 253
0 518 522 2 6 1 384 366 1 1 2 590 -624
0 345 340 3 ' 6 1 567 607 2 1 2 674 919
1 3076-3133 5 6 1 448 -422 3 1 2 182 -150
1 1114 -840 7 6 1 366 363 4 1 2 425 472
1 1292 1007 1 7 1 1699-1621 6 1 2 346 306
1 247 144 2 7 1 998 999 0 2 2 2234--1867
1 912 -846 3 7 1 473 428 1 2 2 281 405
1 841 -794 0 8 1 3638-3620 2 2 2 2876 2772
1 317 479 1 8 1 389 -375 3 2 2 1287 1236
1 817 -591 2 8 1 658 595 4 2 2 876 -832
1 1194-1757 3 8 1 321 350 5 2 2 1418--1381
1 1899 1612 4 8 1 444 -406 6 2 2 334 293
1 1752-1759 5 8 1 666 -710 7 2 2 524 559
1 322 -304 7 8 1 391 395 2 3 2 399 531
1 432 -396 1 9 1 473 -434 3 3 2 1404--1394
1 1832-1524 2 9 1 444 403 4 3 2 598 -576
1 1312-1294 3 9 1 396 396 6 3 2 282 335
1 2301 2373 4 9 1 535 531 0 4 2 3585-■2882
1 1819 1789 0 10 1 963-1021 2 4 2 2140 2186
1 613 -696 1 10 1 226 -196 3 4 2 1471 1616
1 3143 3244 2 10 1 1035 1025 4 4 2 800 -800
1 206 378 3 10 1 395 340 6 4 2 337 359
1 1605 1640 4 10 1 346 -271 7 4 2 1 190 1 191
1 1059 1059 5 10 1 346 -408 1 5 2 1645 1601
1 506 -512 2 11 1 730 -705 2 5 2 361 237
1 392 -420 3 11 1 286 172 3 5 2 756 -672
1 1565-1375 4 13 1 419 -452 4 5 2 1223--1266
1 976-1091 2 16 1 362 327 5 5 2 381 356
1 931 942 1 0 2 1618-•1493 6 5 2 379 351
1 904 864 2 0 2 151 1 1072 0 6 2 1926-1966
1 741 -700 3 0 2 177 -1 13 1 6 2 1378-■1459
1 610 -600 4 0 2 1378-•1274 2 6 2 218 144
172
H K L 1 OFO I0FC H K L I0F0 IOFC H K
3 6 2 360 349 5 2 3 1966- 1930 1 9
4 6 2 1038-■1065 6 2 3 257 133 2 9
1 7 2 2073 2126 1 3 3 1201 798 0 10
2 7 2 585 545 2 3 3 920 918 1 10
5 7 2 496 489 3 3 3 3331- 3319 2 10
6 7 2 594 554 4 3 3 1300- 1327 3 10
0 8 2 209 19 5 3 3 353 344 4 10
1 8 2 219 252 0 4 3 2996 2583 6 10
2 8 2 829 794 1 4 3 345 -447 0 12
4 8 2 296 -290 2 4 3 1725-■1763 2 12
5 8 2 463 -408 3 4 3 1026- 1061 3 12
1 9 2 812 807 6 4 3 345 -370 0 14
2 9 2 360 318 7 4 3 459 -493 0 0
3 9 2 884 -916 1 5 3 1017 863 1 0
4 9 2 282 -286 2 5 3 1899 2057 2 0
1 10 2 433 4)3 3 5 3 1592-■1537 4 0
2 10 2 538 522 5 5 3 683 684 5 0
5 <0 2 336 -375 6 5 3 562 579 7 0
2 11 2 423 357 0 6 3 2795 291 1 1 1
3 11 2 807 -820 1 6 3 669 -767 2 1
4 11 2 570 -520 2 6 3 2100--2028 4 1
0 12 2 242 -154 3 6 3 245 -306 5 1
1 15 2 289 322 5 6 3 1712 1701 6 1
1 1 3 4320 4295 6 6 3 514 -513 7 1
2 1 3 41 1 -490 7 6 3 360 -407 8 1
3 1 3 297 -132 1 7 3 1391 1403 0 2
4 1 3 1391-1324 2 7 3 574 539 1 2
5 1 3 647 626 5 7 3 524 491 2 2
6 1 3 1 148 1072 6 7 3 590 604 3 2
0 2 3 605 435 0 8 3 356 -218 4 2
1 2 3 3331 3747 1 8 3 61 1 585 5 2
2 2 3 3023 2855 2 8 3 285 -316 7 2
3 2 3 535 -480 4 8 3 765 746 2 3
4 2 3 943 1031 5 8 3 510 531 3 3
1
L 10FO IOFC H K L 10FO IOFC H K L 1OFO IOFC
3 754 703 4 3 4 265 -266 6 9 4 610 -663
3 439 -422 5 3 4 720 -708 0 10 4 333 275
3 451 -368 6 , 3 4 290 -309 2 10 4 756 -720
3 242 270 0 4 4 1859 1378 3 10 4 364 -340
3 770 -749 1 4 4 626 696 4 10 4 480 500
3 690 -701 2 4 4 3277-3212 1 11 4 447 -418
3 837 778 3 4 4 1819-■1857 3 11 4 598 542
3 342 278 4 4 4 1552 1475 4 11 4 337 270
3 1077 1200 5 4 4 476 522 0 12 4 512 -574
3 713 -755 6 4 4 300 -332 2 12 4 285 -261
3 352 -392 1 5 4 1215-1307 4 12 4 416 439
3 768 720 2 5 4 808 908 1 13 4 344 -331
4 2234 3040 3 5 4 601 526 0 14 4 693 -675
4 781 727 5 5 4 318 301 1 15 4 286 -274
4 245 197 0 6 4 2702 2734 1 1 5 3585-3633
4 627 578 1 6 4 1010 1096 2 1 5 305 -137
4 1391 1321 2 6 4 366 339 3 1 5 1685 1355
4 954 -990 3 6 4 241 186 4 1 5 2688 2677
4 455 -298 6 6 4 606 -637 5 1 5 881 -859
4 3411-3489 7 6 4 368 -310 6 1 5 1779-1709
4 467 -502 1 7 4 1913--1940 7 1 5 320 281
4 976 -941 2 7 4 371 371 0 2 5 c 1 *
4 452 -459 3 7 4 332 273 1 2 5 2354-2799
4 281 -252 4 7 4 796 874 3 2 5 480 -414
4 556 549 6 7 4 651 -658 5 2 5 2167-2140
4 1685 1412 0 8 4 1364 1360 6 2 5 518 541
4 333 -464 1 8 4 407 -373 1 3 5 1699-1371
4 3411-3222 4 8 4 320 -264 2 3 5 199 118
4 1445-1386 5 8 4 395 296 3 3 5 1418 1618
4 1498 1380 6 8 4 507 -432 4 3 5 202 121
4 984 979 1 9 4 879 -873 0 4 5 1317-1087
4 451 -514 2 9 4 417 -397 1 4 5 777 902
4 3397-3365 3 9 4 840 898 2 4 5 1618 1599
4 820 892 4 9 4 1284 1301 3 4 5 721 726
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H K L 1OFO IOFC H K L 1OFO IOFC H K
7 0 8 333 -316 1 7 8 1632-1675 2 3
1 1 8 895 866 2 7 8 738 -723 3 3
2 1 8 570 215 5 7 8 526 -485 4 3
3 1 8 532 -507 6 7 8 518 -443 6 3
4 1 8 1178-1191 0 8 8 630 580 7 3
0 2 8 2581 2297 1 8 8 372 -413 0 4
1 2 8 175 -297 2 8 8 1165-1064 2 4
2 2 8 2180-2128 5 8 8 597 557 3 4
3 2 8 1093-1086 1 9 6 472 -462 4 4
4 2 8 674 662 2 9 8 614 -577 5 4
5 2 8 880 840 3 9 8 368 307 1 5
6 2 8 546 -517 4 9 8 281 -249 2 5
7 2 8 559 -580 6 10 8 302 -300 3 5
1 3 8 419 496 1 1 1 8 591 -645 4 5
2 3 8 864 618 2 1 1 8 576 -608 5 5
3 3 8 875 9>1 3 I 1 8 769 725 6 5
4 3 8 263 226 4 1 1 8 285 310 0 6
0 4 8 590 168 -  1 12 8 293 224 2 6
2 4 8 1418-1461 1 13 8 523 -516 3 6
3 4 8 2314-2361 4 13 8 317 380 5 6
4 4 8 1739 1722 1 1 9 2795-2822 6 6
7 4 8 651 -710 2 1 9 760 -563 7 6
1 5 8 1939-1933 3 1 9 1766 1514 1 7
2 5 6 263 -169 4 1 9 773 744 2 7
3 5 8 1538 1488 5 1 9 593 -587 4 7
4 5 8 2020 2037 6 1 9 333 -257 5 7
5 5 8 249 -237 0 2 9 607 -430 0 8
6 5 8 827 -847 1 2 9 1725-2020 1 8
0 6 8 1445 1417 2 2 9 1685 1460 2 8
I • 8 1087 1076 3 2 9 352 -305 4 8
2 6 8 1118-1025 4 2 9 1106-1146 5 8
3 6 8 392 -377 5 2 9 261 207 1 9
4 6 8 1209 1188 6 2 9 968 -976 2 9
5 6 8 536 595 1 3 9 1939-1639 3 9
L 10F0 IOFC H K L 10FO IOFC H K L IOFO IOFC
9 1 176- 1 170 4 9 9 527 469 3 3 to 340 -334
9 1953 1978 0 10 9 531 -597 4 3 10 344 -350
9 1297 1289 2 10 9 856 867 5 3 10 864 815
9 1006- 1088 31 10 9 436 395 0 4 10 1154 1487
9 297 343 4 10 9 377 -407 1 4 10 1219-1255
9 732 910 5 10 9 364 -418 2 4 10 2260 2286
9 1525 1484 2 11 9 614 -591 3 4 10 1445 1481
9 1458 1426 0 12 9 265 -234 4 4 10 607 -578
9 625 -628 3 12 9 407 431 5 4 10 475 -469
9 249 -189 0 14 9 362 -272 6 4 10 294 360
9 1404- 1267 0 0 10 7785-8250 1 5 10 475 496
9 1 157- 1221 1 0 10 690 670 2 5 10 764 -816
9 472 432 2 0 10 975 691 3 5 10 476 445
9 384 414 3 0 10 341 -413 4 5 10 1026--10209 892 -879 4 0 10 1404--1267 5 5 10 396 -3739 857 -855 5 0 10 1471--1418 6 5 10 463 533
9 1672- 1766 6 0 10 278 192 7 5 10 532 -480
9 333 279 7 0 10 745 834 0 6 10 1913-1873
9 693 695 1 1 10 1285 1 150 1 6 10 1792--1805
9 659 -618 2 1 10 2046 2221 2 6 10 1176 1 109
9 578 600 3 1 10 272 -287 4 6 10 804 -618
9 445 445 4 1 10 243 271 5 6 10 320 323
9 1 149- 1089 5 1 10 1280 1146 7 6 10 330 388
9 760 718 7 1 10 305 246 1 7 10 1391 1384
9 340 338 0 2 10 1712--1443 2 7 to 305 314
9 526 -552 1 2 10 629 701 3 7 10 516 -557
9 2260- 2331 2 2 10 1006 1808 4 7 10 356 -390
9 333 -336 3 2 10 1431 141 1 6 ■7 10 550 500
9 605 585 4 2 10 891 -871 0 8 10 1578-1582
9 278 -253 5 2 10 1391-1356 1 6 10 308 289
9 752 -785 6 2 10 321 299 2 8 10 519 457
9 551 -532 7 2 10 353 414 4 8 10 365 -418
9 508 489 1 3 10 151 1 1315 1 9 10 988 1042
9 428 421 2 3 10 1 156 1 146 2 9 10 724 735
175
H K L 10FO I0PC
3 9 10 1712-■1694
1 10 10 492 505
3 10 10 330 329
2 1 1 10 396 404
3 I 1 10 683 -586
2 14 10 268 1 18
3 14 10 301 -276
1 15 10 393 41 1
1 1 11 4093 4069
2 1 11 453 372
3 1 11 2207-1958
4 1 11 859 -819
5 1 11 665 652
6 1 11 1404 1305
0 2 11 546 425
1 2 11 4080 4221
2 2 11 935 -770
3 2 11 587 562
4 2 11 960 962
5 2 11 1327-1284
6 2 11 490 -507
1 3 II 575 -606
2 3 11 388 385
3 3 11 1458-1513
4 3 11 1223--1232
0 4 11 360 255
1 4 11 457 360
2 4 11 1229-1235
3 4 11 1081-1061
7 4 11 580 -593
1 5 11 849 798
2 5 11 1364 1383
3 5 11 354 -300
4 5 11 598 -633
H K L 1 OFO IOFC
5 5 1 1 713 651
6 5 1 1 369 389
0 6 1 1 2127 2176
1 6 1 1 1066-1137
2 6 1 1 488 -454
3 6 1 1 801 -822
5 6 t 1 1025 1043
7 6 1 1 495 -512
1 7 1 1 2782 2707
2 7 1 1 250 247
3 7 1 1 324 -315
5 7 1 1 548 513
6 7 1 I 638 660
0 8 1 1 1 152 1 137
2 8 1 1 447 -396
4 8 1 1 633 6455 8 1 1 582 635
1 9 1 1 409 338
2 9 1 1 263 -244
2 to 1 1 1066--1059
3 10 1 1 270 -2394 10 1 1 449 429
5 10 1 1 293 365
1 11 1 1 603 -605
0 12 1 1 562 5522 12 1 1 502 -5373 12 1 1 399 -375
5 12 1 1 341 390
3 13 1 1 449 -417
0 14 1 1 409 325
0 0 12 3825 4185
1 0 12 258 234
2 0 12 1094 -867
3 0 12 210 263
H K L 10FO IOFC
4 0 12 1031 973
5 0 12 1327 1266
7 0 12 365 408
1 1 12 996 -982
2 1 12 1 184- 1367
3 1 12 380 371
4 1 12 278 -258
6 1 12 558 -549
0 2 12 1832 1563
2 2 12 2515- 2449
3 2 12 1233-1186
4 2 12 893 888
5 2 12 1 168 1 159
7 2 12 469 -470
1 3 12 1404- 1218
2 3 12 1003- 1028
3 3 12 1050 1069
0 4 12 1458 1099
1 4 12 871 899
2 4 12 2100-2089
3 4 12 1364- 1406
4 4 12 889 836
5 4 12 302 322
6 4 12 420 -445
7 4 12 I 1 16-■I 141
1 5 12 559 -525
2 5 12 259 -179
4 5 12 651 629
5 5 12 349 -317
0 6 12 1565 1569
1 6 12 938 938
2 6 12 321 287
4 6 12 729 659
6 6 12 526 -526
H K L IOFO IOFC H K L 10FO IOFC
7 6 12 292 -282 6 3 13 368 -395
1 7 12 1327-1265 1 4 13 81 1 820
2 7 12 305 -310 2 4 13 1445 1422
4 7 12 435 460 3 4 13 1009 987
5 ' 7 12 528 -505 4 4 13 467 -458
6 7 12 728 -669 5 4 13 650 -697
0 8 12 654 666 ; 5 13 1431--1302
1 8 12 502 -523 2 5 13 1739--1836
2 8 12 417 -367 3 5 13 1485 1453
1 9 12 952 -961 5 5 13 523 -504
3 9 12 1120 1110 6 5 13 384 -334
4 9 12 610 641 0 6 13 2020--2025
6 9 12 522 -606 1 6 13 645 -542
0 10 12 358 377 2 6 13 1966 1936
2 10 12 607 -830 5 6 13 637 -566
3 1 1 12 598 601 7 6 13 292 31 1
4 1 1 12 419 399 1 7 13 564 -547
1 13 12 366 -390 3 7 13 393 346
1 15 12 346 -351 4 7 13 250 226
1 1 13 1859-1955 0 8 13 1308--1316
4 1 13 1391 1350 1 8 13 690 -688
5 1 13 696 -722 2 8 13 250 266
6 1 13 867 -934 5 6 13 348 -300
7 1 13 324 300 1 9 13 304 -291
0 2 13 249 -162 2 9 13 535 532
1 2 13 892 416 4 9 13 544 508
2 2 13 2153-2163 2 10 13 633 526
3 2 13 428 419 3 10 13 611 570
4 2 13 599 -593 4 10 13 507 -467
1 3 13 2434-2137 0 12 13 423 -438
2 3 13 863 -840 2 12 13 556 571
3 3 13 2406 2456 4 12 13 337 -352
4 3 13 645 870 0 14 13 476 -446
5 3 13 333 -321 0 0 14 571 1--5919
176
H K L 1 OFO IOFC H K L
I 0 14 2234-2152 2 6 14
2 0 14 301 55 3 6 14
4 0 14 221 203 4 6 14
5 0 14 1153-1086 5 6 14
6 0 14 689 690 1 7 14
7 0 14 1391 1357 4 7 14
1 1 14 1485-■1453 5 7 14
2 1 14 1939 2010 6 7 14
4 1 14 736 737 0 8 14
5 1 14 488 500 1 8 14
0 2 14 1752-1571 2 8 14
1 2 14 679 -589 5 8 14
2 2 14 2247 2112 6 8 14
3 2 14 1058 1005 2 9 14
4 2 14 960 -938 4 9 14
5 2 14 403 -386. 5 9 14
6 2 14 296 296 2 10 14
7 2 14 480 521 4 10 14
1 3 14 796 -824 5 10 14
2 3 14 1565 1591 1 11 14
3 3 14 1404-■1376 2 11 14
5 3 14 258 194 3 11 14
7 3 14 431 353 1 12 14
0 4 14 365 473 4 12 14
2 4 14 2461 2373 5 12 14
3 4 14 1291 1318 1 13 14
4 4 14 1685-1592 1 1 15
1 5 14 2073 2027 2 1 15
2 5 14 754 -758 3 1 15
3 5 14 1672-1609 4 1 15
4 5 14 1050--1054 5 1 15
5 5 14 276 -270 6 1 15
6 5 14 449 448 7 1 15
0 6 14 1806-1797 0 2 15
IOFC H K L 1 OFO IOFC
21 1 1 2 15 1873 2077
263 2 2 15 720 -665
-399 3 2 15 543 -521
-1 183 4 2 15 765 718
1484 5 2 15 1251 1317
-643 7 2 15 309 -305
218 1 3 15 1939 1697
491 2 3 15 543 505
-938 3 3 15 2367-■2340
501 4 3 15 1062-1016
233 5 3 IS 274 276
-748 1 4 15 1209--1 192
385 2 4 15 1232-■1252
547 5 4 15 564 551
-438 7 4 15 373 368
336 1 5 15 607 528
450 2 5 15 849 870
-21 1 3 5 15 1859-1807
453 4 5 15 290 -298
741 5 5 15 543 459
389 7 5 15 385 318
-333 0 6 IS 1538 1550
-391 1 6 15 946 -924
-329 2 6 15 397 -342
410 1 7 15 217 -139
455 3 7 15 439 -462
2844 4 7 15 480 -468
604 6 7 15 342 336
525 0 8 15 1485 1451
-695 1 8 15 998 974
752 2 8 15 475 -499
903 3 8 15 784 -791
-549 4 8 15 836 798



































H K L 10FO IOFC
1 9 15 725 742
2 9 15 270 -244
3 9 15 258 -276
4 '9 IS 364 -296
1 to 15 837 857
2 10 15 799 -802
3 10 15 582 -556
4 10 15 384 397
1 11 15 734 708
0 12 15 444 443
2 12 15 358 -399
1 13 15 306 -191
0 14 15 650 632
0 0 16 3090 3471
1 0 16 910 894
2 0 16 1 161 -938
3 0 16 2581-2489
4 0 16 2448 2403
5 0 16 1471 1396
7 0 16 1095-1191
2 1 16 423 -532
3 1 16 490 446
4 1 16 241 217
6 1 16 377 -412
0 2 16 1578 1487
2 2 16 1886-1825
3 2 16 760 -718
4 2 16 597 595
5 2 16 568 567
7 2 16 389 -433
1 3 16 528 588
2 3 16 613 -598
3 3 16 1525 1453
4 3 16 1098 1059
H K L 10FO IOFC
0 4 16 891 639
1 4 16 445 479
2 4 16 151 1-■1514
3 4 16 614 500
4 4 16 431 -437
6 4 16 539 -574
1 5 16 1 186-1179
3 5 16 847 827
4 5 16 514 473
0 6 16 1792 1770
1 6 16 976 968
2 6 16 665 -663
3 6 16 404 -469
4 6 16 881 867
5 6 16 659 675
6 6 16 309 -290
1 7 16 1779-1760
2 7 16 237 -319
3 7 16 354 -294
5 7 16 376 -304
6 7 16 483 -460
0 8 16 562 575
1 8 16 564 -537
2 8 16 515 -521
3 8 16 673 -666
4 8 16 597 660
5 8 16 552 494
1 9 16 531 -566
2 9 16 345 -320
3 9 16 266 203
4 9 16 403 489
6 9 16 306 -389
1 10 16 333 -323
1 1 1 16 391 -434
1 
77
H K L 1 OFO IOFC H K L 1 OFO IOFC H K L 1 OFO IOFC
3 1 1 16 615 629 5 7 17 306 -376 1 3 18 970 837
4 1 1 16 464 458 6 7 17 461 -472 2 3 18 1338 1326
I 12 16 432 291 0 8 17 1 165- 1 124 4 3 18 391 346
1 13 16 363 -316 1 8 17 376 -367 5 3 18 373 379
3 13 16 377 343 2 8 17 498 518 0 4 18 217 -22
1 1 17 2568--2570 4 8 17 486 -495 1 4 18 635 -621
2 1 17 202 -190 5 8 17 504 -523 2 4 18 1779 1723
3 1 17 804 742 1 9 17 479 -470 3 4 18 2247 221 1
4 1 17 765 759 2 9 17 341 275 4 4 18 1913-1849
5 1 17 523 -521 4 9 17 288 169 5 4 18 296 -395
6 1 17 1067--1055 2 10 17 663 649 1 5 18 1 120 1084
0 2 17 540 -513 3 10 17 564 536 2 5 IB 552 -505
1 2 17 2421--2544 4 10 17 428 -449 4 5 18 1095--1031
2 2 17 296 -325 0 12 17 334 -383 0 6 18 1235--1243
3 2 17 486 486- 2 12 17 358 407 1 6 18 881 -874
4 2 17 1228--1228 3 12 17 294 169 4 6 18 591 -508
7 2 17 302 278 0 14 17 412 -397 1 7 18 942 927
1 3 17 852 -644 0 0 18 361 1- 3831 3 7 18 546 -616
2 3 17 685 -680 2 0 18 599 494 4 7 18 645 -689
3 3 17 1993 1946 3 0 18 1351- 1319 5 7 18 346 249
4 3 17 1089 1084 4 0 18 773 758 6 7 IS 494 472
5 3 17 255 -278 5 0 18 1236- 1 177 0 8 IS 944 -953
0 4 17 607 -525 6 0 18 884 907 2 8 IS 387 350
2 4 17 1062 1090 2 1 18 1418 1483 3 8 18 482 -467
3 4 17 428 438 3 1 18 269 263 4 8 18 302 274
1 5 17 1 185--1076 4 1 18 999 987 6 8 IS 371 370
2 5 17 968 -968 5 1 18 507 431 1 9 18 330 318
3 5 17 790 792 0 2 18 1578- 1462 2 9 18 544 531
5 5 17 558 -455 1 2 18 259 344 3 9 18 1264-1273
0 6 17 1525--1463 2 2 18 2073 1997 2 10 18 342 384
1 6 17 490 514 3 2 18 1006 979 3 10 18 332 314
2 C 17 744 714 4 2 18 663 -697 5 10 18 377 -312
5 6 17 571 -528 5 2 18 1062- 1036 3 11 18 516 -492
1 7 17 1029 -983 7 2 18 333 351 1 13 18 318 406
[
H K L 1 OFO IOFC
1 14 18 322 302
1 15 18 419 376
1 19 1739 1732
3 1 19 1953-1839
4 1 19 879 -865
5 1 19 482 432
6 1 19 428 355
7 1 19 424 479
0 2 19 354 383
1 2 19 732 814
2 2 19 591 660
3 2 19 583 609
4 2 19 502 488
5 2 19 1025 -943
6 2 19 586 595
1 3 19 867 801
2 3 19 568 551
3 3 19 1107--1038
4 3 19 887 -898
6 3 19 613 706
1 4 19 552 491
2 4 19 1161--1129
3 4 19 1253-1186
4 4 19 619 644
1 5 19 1538 I486
2 5 19 930 948
5 5 19 587 595
6 5 19 589 580
0 6 19 1255 1239
1 6 19 655 626
2 6 19 948 -970
3 6 19 835 -847
5 6 19 927 868
6 6 19 524 -487
H K L 10F0 IOFC
1 7 19 1498 1423
5 7 19 471 499
0 8 19 1391 1410
1 8 19 317 -288
2 8 19 269 -331
3 8 19 478 435
5 8 19 439 439
2 9 19 472 -404
0 10 19 400 506
1 10 19 461 -519
2 10 19 563 -546
3 10 19 269 -246
1 11 19 530 -485
0 12 19 286 169
2 12 19 342 -414
3 12 19 539 -577
3 13 19 357 -328
0 0 20 3799 3863
1 0 20 642 -597
2 0 20 856 -708
3 0 20 373 350
4 0 20 835 833
5 0 20 833 777
3 1 20 357 289
5 1 20 460 -357
0 2 20 1552 1428
1 2 20 245 -402
2 2 20 1511-1476
3 2 20 881 -881
4 2 20 618 582
5 2 20 873 864
1 3 20 837 -764
3 3 20 730 675
4 3 20 439 424
178
H K L 1OFO IOFC H K L 1 OFO IOFC H e L 10P0
0 4 20 226 114 4 2 21 836 -795 0 0 22 4387-
I 4 20 1174 1144 1 3 21 233 152 1 0 22 1364
2 4 20 1418-1437 2 3 21 857 -820 2 0 22 1 1 14
3 4 20 1204-1284 3 3 21 1712 1697 4 0 22 829
4 4 20 473 515 4 3 21 902 894 5 0 22 872
5 4 20 404 471 0 4 21 266 265 6 0 22 440
6 4 20 306 -374 1 4 21 356 366 2 1 22 338
I 5 20 222 -224 2 4 21 821 805 5 1 22 346
4 5 20 712 671 3 4 21 653 61 I 0 2 22 1200'
0 6 20 934 881 5 4 21 361 -414 2 2 22 1212
I 6 20 1201 1195 1 5 21 221 -187 3 2 22 756
2 6 20 554 -552 2 5 21 377 -314 4 2 22 570
4 6 20 650 632 3 5 21 1 148 1062 5 2 22 407
I 7 20 1067-1020 4 5 21 579 587 6 2 22 301
2 7 20 599 -617 5 5 21 425 -391 3 3 22 101 1
6 7 20 484^-446 0 6 21 1173-1169 0 4 22 423
0 • 20 631 606 1 6 21 1 164 1 173 1 4 22 230
I • 20 550 -500 3 6 21 387 395 2 4 22 1093
2 a 20 538 -442 5 6 21 504 -485 3 4 22 6074 8 20 276 341 1 7 21 1351-1407 4 4 22 447
I 9 20 813 -835 2 7 21 688 632 1 5 22 556
2 9 20 500 -440 3 7 21 263 278 3 5 22 936
3 9 20 962 954 0 8 21 1231--1238 4 5 22 872
1 10 20 425 -406 1 8 21 337 -377 6 5 22 312
3 I 1 20 523 482 2 8 21 575 555 0 6 22 1259'
1 1 2 1 3197-3179 3 8 21 276 246 1 6 22 345
2 1 21 729 -691 4 8 21 512 -489 2 6 22 8134 1 21 368 367 5 8 21 392 -424 4 6 22 645
5 1 21 582 -575 1 9 21 356 -370 5 6 22 721
6 1 21 1022 -995 4 9 21 272 147 1 7 22 1030
0 2 21 280 -261 0 10 21 360 -535 2 7 22 342
1 2 21 2622-2754 1 10 21 453 -470 5 7 22 296
2 2 21 1311 1255 2 10 21 689 685 0 8 22 8313 2 21 239 144 2 11 21 508 -462 1 8 22 439
IOFC H K L IOFO IOFC H K L IOFO IOFC
•4379 2 8 22 543 530 0 8 23 873 813
■1329 5 8 22 465 -405 1 8 23 979 1007
1017 1 9 22 796 827 2 8 23 435 -428
-843 r 1 1 22 476 515 5 8 23 377 425
-808 i 12 22 388 -338 1 9 23 436 410
386 i 1 23 1019 1239 2 9 23 420 -383
482 4 1 23 795 -739 3 9 23 393 -387
268 5 1 23 484 526 4 9 23 318 -298
1080 6 1 23 308 264 2 10 23 531 -493
1141 0 2 23 618 615 3 10 23 452 -426
750 1 2 23 413 -371 4 10 23 478 449
-562 4 2 23 567 482 1 11 23 528 618
-432 5 2 23 576 631 0 14 23 448 368
292 6 2 23 543 532 0 0 24 1404 1540
-989 1 3 23 2127 21 10 1 0 24 1525 1498
418 2 3 23 479 462 2 0 24 538 -507
144 3 3 23 151 1--1419 5 0 24 11 12 1051
1070 4 3 23 770 -769 2 1 24 1578--1594
582 6 3 23 669 782 4 1 24 490 -449
-423 1 4 23 946 -913 5 1 24 259 -171
530 2 4 23 812 -778 0 2 24 971 890
-923 3 4 23 650 -599 2 2 24 1552-1466
-841 4 4 23 336 321 3 2 24 756 -757
330 5 4 23 302 399 4 2 24 760 763
•1191 1 5 23 671 641 5 2 24 511 493
-292 2 5 23 1280 1248 1 3 24 563 624
856 3 5 23 843 -851 2 3 24 1525-1468
-613 5 5 23 465 431 . 3 3 24 693 712
-727 6 5 23 437 464 0 4 24 1283 1204
955 0 6 23 1276 1209 1 4 24 459 -465
306 1 6 23 326 349 2 4 24 1404--1366
243 2 6 23 570 -629 3 4 24 855 -788
-802 1 7 23 326 -372 4 4 24 1 101 984
361 3 7 23 409 -462 1 5 24 1752-1728
179
H K L IOFO IOFC H K L IOFO IOFC H K L








IOFC H K L IOFO IOFC H K L IOFO IOFC
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The asymmetric unit contains one Aulz” anion and one 
partially oxidized ET cation. Within experimental error, 
the anion is linear (I-Au-I angle = 179.8(29)0)with Au-I 
bonds of 2.427(4) and 2.418(4) A. These bonds are 
significantly shorter than those observed in the /3-phase 
(2.5610(6) A)88.
The ET molecule is not planar; the two five-membered 
rings are twisted about the central C=C bond ±3.32°.
Each of the ethylene groups is further twisted from the 
plane of the TTF fragment, causing the two ends of the 
molecule to bulge. In the disordered ethylene model, one 
conformation which has nearly D z symmetry (denoted as +
-), has ethylene torsion angles of +65.6(16) and 
-67.8(29)°. The other conformation possess nearly C zv 
symmetry (denoted as + +) with ethylene torsion angles of 
+65.6(16) and +71.8(29)°. The bond lengths and angles in 
ET are shown in table 5-5, and they are comparable to 
those previously reported87"93.
Crystal Packing
The crystal is orthorhombic with lattice constants a 
= 6.799, b = 14.820, and c = 32.836 A. The unit cell 
volume is about four times that of the /3-phase8 8, which is 
in accordance with the number of formula units (4) per
1 8 3
SI 1 —  Cl 1.77(2) S21 —  C2 1.73(2)
SI 1 -- Cl 1 1.77(2) S21 —  C2I 1.71(2)
S 12 —  Cl 1.72(2) S22 —  C2 1.75(2)
S 1 2 —  C 1 2 1.76(2) S22 —  C22 1.76(2)
S 13 —  Cl 1 1.75(2) S23 —  C21 1.76(2)
SI 3 —  Cl 31 1.83(3) S23 —  C23 1.82(2)
SI 3 —  Cl 32 1.81(3) S24 —  C22 1.74(2)
S 14 -- Cl 2 1.76(2) S24 —  C24 1.80(2)
S 1 4 —  C 1 4 1 1.82(4) C21 —  C22 1.32(2)
S 14 —  Cl 42 1.75(4) C23 —  C24 1.49(3)
Cl —  C2 1.36(3)
Cl 1 —  C 12 1.28(2)
Cl 31 —  Cl 42 1.50(5)
Cl 32 —  C141 1.50(5)
Cl -- SI 1 - Cl 1 94.3(8)
Cl -- S 1 2 - -C12 95.4(8)
Cl 1 - S 1 3 - C 1 3 1 95.0(12)
Cl 1 - S 1 3 - Cl 32 102.2(12)
C 1 2 - S 1 4 - C 1 4 1 95.6(12)
C 1 2 - S 1 4 - Cl 42 104.3(12)
C2 -- S21 - C2I 94.7(8)
C2 -- S22 - C22 93.9(8)
C21 - S23 - C23 98.9(8)
C22 - S24 - C24 102.5(8)
SI 1 - Cl - S 12 114.3(10)
SI 1 - Cl - C2 120.4(14)
S 1 2 - Cl - C2 125.3(14)
SI 1 - Cl 1 - S 13 112.7(8)
SI 1 - Cl 1 - C 12 117.3(12)
S 1 3 - C M - C12 129.8 (13)
S 1 2 - C 1 2 - S 1 4 113.2(9)
S 1 2 - C 1 2 - C M 118.4(12)
SI 4 - C 1 2 - Cl 1 128.4(13)
S 1 3 - C 1 3 1 - Cl42 115.4(27)
S 1 3 - Cl 32 - C 141 113.1(25)
S 1 4 - C 1 4 1 - Cl32 111.6(27)
S 1 4 - Cl 42 - C 1 31 113.5(26)
S21 - C2 -■ S22 115.0(9)
S21 - C2 -• Cl 124.8 ( 14)
S22 - C2 -• Cl 119.9(14)
S21 - C21 - C22 119.2(12)
S21 - C21 - S23 1 15.2(9)
S23 - C21 - C22 125.2(12)
S22 - C22 - C21 116.1(12)
S22 - C22 - S24 1 12.7(9)
S24 - C22 - C2I 131.2(12)
S23 - C23 - C24 112.7(13)
S24 - C24 - C23 116.3(12)
OTable 5-5 Bond Distances (A) and Angles (0)
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unit cell. It is easiest to view the packing as a series 
of variations from an idealized model with above lattice 
constants.
In the idealized structure, four Au atoms would 
occupy the lattice points of an F-centered orthorhombic 
lattice. The (001) planes are crystallographic mirrors, 
and the anions would lie on these mirrors with I-Au-I 
parallel to the b-axis (figure 5-6). The eight ET 
molecules in the cell would be planar and in two stacks of 
four molecules each. The long molecular axis (M) would be 
parallel to the crystallographic c-axis, the stacking axis 
(S) would be parallel to b, and the ribbon axis (R; 
side-by-side contact of ET molecules produces a continuous 
"ribbon") would be parallel to a. The stacks of 
positively charged organic ions would be isolated from one 
another by the (001) planes of anions (figure 5-6). The 
center of each ET molecule would lie on the S-axis with 
coordinates (0.5, y, 0.25) and (0.5, y, 0.75), where y =
1/8, 3/8, 5/8, and 7/8. Thus, the cations would be
0equally spaced 3.705 A along the S-axis direction, and the
Ointra-ribbon distance would be 6.799 A.
In the observed structure, The I-Au-I axis is tipped
29.3° with respect to the b-axis, although the entire
anion still remains on the crystallographic mirror.
Furthermore, the Au atom in the (001) face is translated
0from the face-centered position 0.436 A along a, and the
Figure 5-6 Idealized F-Centered Orthorhombic Lattice 













a = 6 .7 9 9  A b = 14.820 A
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OAu atom in the (100) face is moved 0.622 A along b.
Finally, the Au atom in the (010) face is translated 0.436
e 0A along a and 0.622 A along b for a combined displacement 
of 0.760 & from the idealized face-centered position 
(figure 5-7).
The ET molecule is not planar as detailed above. 
Furthermore, the two middle molecules in the stack (at y ~
3/8 and 5/8) are rotated about the S-axis by 19.0° (the 
"yaw" angle) while the first and fourth molecules (at y ~
1/8 and 7/8) are counter— rotated -19.0°. The resulting 
38.0° relative rotation between pairs of adjacent ET 
molecules allows the bulky ethylene groups to avoid one 
another. There are several ET salts showing this kind of 
twisted structure: S-(ET)I3*9, (ET)2C10,(C4H802)94, 
8-(ET)2PF698, t-(ET)2Au(CN)2 and t-(ET)2AuBr296. None of 
them these is superconductive at low temperature.
The stacking of ET molecules is such that they are 
not equally spaced along the S-axis. The distances 
between the first and second molecules and between the
Othird and fourth molecules are equal to 3.684 A, whereas 
the distance between second and third molecules is 3.726
OA. Finally, in addition to the "yaw" rotation, two other 
rotations occur: each ET molecule is "rolled" about its
M-axis and "pitched" about its R-axis. The resulting 
orientation angles are shown on table 5-6 and figures 5-8,
5-9, and 5-10.
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Figure 5-8 Crystal Packing of E T ;
View Along The Stacking-Axis
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Figure 5-9 Crystal Packing of ET;
View Along The Long Molecular Axis

194
Figure 5-10 Crystal Packing of E T ;
View Along The Ribbon-Axis

n Y DIST YAW PITCH ROLL SYMOP
i 0.1257
3.684
-19.02 -4.36 12.46 x, l/2-y. 1 -z
2 0.3743
3.726
19.02 -4.36 -12.46 x, y. z
3 0.6257
3.684
19.02 -4.36 -12.46 1-x, i-y. 1 —z
4 0.8742 -19.02 -4.36 12.46 1-x, 1/2+y, z
oTable 5-6 Orientation Angles (°) and Intermolecuar Distances CA)
1 97
(ET)2AuI2 has no short intrastack S-S contacts (less
than or equal to the sum of the van der Waals radius, 3.60
0A). The shortest S-S distance in (ET)2AuI2 along the
Ostacking direction is 3.78(1) A. The shortest S-S 
contact, 3.440(7) A, is found between molecules at the 
same y coordinate (along the ribbon-axis). All other 
short S-S contact distances are also observed between 
molecules along the ribbon-axis (figure 5-11 and table
5-7). The nearest S-S distance between ribbons is 
3.764(7) A-(table 5-7). Therefore, the.ET molecules in 
(ET)2Au I2 form infinite one-dimensional ribbons. Unlike 
the superconducting phase of ET salts, which have 
two-dimensional corrugated sheet networks, (ET)2AuI2 is 
similar to one-dimensional metal |3-(ET) 2PF695, which goes 
through a metal-insulator transition at 297 K.
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Figure 5-1 1 Stereo View of ET Down The Ribbon-Axis 





) 2 3 4 1 2 3 4
S23 —  S22 2 3.440(7) SI 1 -- S2I 1 3.778(10)
S22 —  S23 2 3.440(7) S 2 1 —  SI) 1 3.778(10)
S 1 1 —  S 1 4 2 3.444(7) S 13 —  S23 3 3.793(8)
S 14 —  S 1 3 2 3.444(7) S23 —  SI3 3 3.793(8)
S23 —  C24 2 3.600(7) S 14 —  S24 3 3.764(7)
S24 —  C23 2 3.600(7) S24 —  S 14 3 3.764(7)
S 1 3 —  S 1 4 2 3.616(6) S 14 —  S22 3 3.803(9)
S t 4 —  S 1 3 2 3.616(6) S22 —  SI 4 3 3.803(9)
COLUMN): Atoms in Ribbon 2 
C0LUMN2: Atoms in Ribbon N 
C0LUME3: N
C0LUMN4: Distances (A)




GAUSSIAN8247 was used to calculate SCF molecular 
orbitals for a neutral ET molecule in idealized planar 
(D2h) symmetry. The bond lengths and angles in the model 
were derived from the crystal structure of (ET)2AsF69‘ 
because these calculations were performed before our 
structure of (ET)2AuI2 crystal was available. Five 
standard basis sets (ST0-3G, 3-21G, 6-21G, 4-31G, and
6-31G)47 were considered for this work. Among them, the 
standard 3-21G basis set, which for ET in D 2h symmetry 
contains 390 primitive gaussians comprising a total of 210 
basis functions, was the largest basis set that could be 
used within existing program limitations. Therefore, all 
calculations were carried out using the 3-21G basis set.
A partial list of molecular orbital energies and their 
symmetries is shown in table 5-8.
RESULT
The highest occupied molecular orbital (HOMO) is 
composed primarily of 3p orbitals from the four sulfur 
atoms and 2p orbitals of the six carbon atoms in the two 
inner five-membered rings. The orbital coefficients of 
this HOMO are shown in table 5-9. The locally modified 
program M0PL0T97 was used to draw a 3-dimensional density 
map (p-map) and wave function map (^-map) (figures 5-12 
and 5-13) for this HOMO orbital. From these maps it is
seen that the HOMO, which has btu symmetry of substantial 
pir character, has nodal planes at all C-S bonds but is 
bonding with respect to the C-C bonds. Therefore, as the 
formal charge on ET increases, the C-S bonds would be 
expected to become shorter, whereas the C-C bonds are 
expected to become longer. This is consistent with the 
experimental results98. In addition, the HOMO is the 
orbital that would be expected to give rise to the valence 
and conduction bands in the partially oxidized ET salt. 
Further band calculations utilizing its MO coefficients 
obtained here are planned by Professor Brener.
2 0 3
Figure 5- 12 3-Dimensional Electron Density Map 
Of HOMO Of Idealized ET 




Figure 5-13 3-Dimensional Wave Function (^) Map 
Of HOMO Of Idealized ET 
Value Level = 5.000 x I0-3 
Positive ifi On The Left;
Negative On The Right








ft nnAnoU •u uuuu ■
98 b 1 u -0.24491
97 b2g -0.29911
96 b 1 u -0.34052
95 au -0.35669
94 b3g -0.36380
Table 5-8 Orbital Symmetries and Energies (Hartree)
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Table 5-9 Molecular Orbital Coefficients of HOMO
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49 3S (0) 0.0
50 3PX (0) 0.0
51 3PY (0) 0.0
52 3PZ (0) -0.11527





58 3S (I) 0.0
59 3PX (I) 0.0
60 3PY (I) 0.0
61 3PZ (I) -0.22271
62 3S (0) 0.0
63 3PX CO) 0.0
64 3PY (0) 0.0
65 3PZ (0) -0.28273





71 3S (I) 0.0
72 3PX (I) 0.0
73 3PY (I) 0.0
74 3PZ (I) -0.22271
75 3S (0) 0.0
76 3PX (0) 0.0
77 3PY (0) 0.0
78 3PZ (0) -0.28273





84 3S (I) 0.0
85 3PX (I) 0.0
86 3PY Cl) 0.0
87 3PZ Cl) -0.08433
88 3S CO) 0.0
89 3PX CO) 0.0
90 3PY CO) 0.0
91 3PZ CO) -0.11527






97 3S (I) 0.0
98 3PX (I) 0.0
99 3PY (I) 0.0
100 3PZ (I) -0.08433
101 3S (0) 0.0
102 3PX (0) 0.0
103 3PY (0) 0.0
104 3PZ (0) -0.11527
105 Cl IS 0.0
106 2S (I) 0.0
107 2PX (I) 0.0
108 2PY (I) 0.0
109 2PZ (I) 0.18125
1 10 2S (0) 0.0
1 1 1 2PX (0) 0.0
1 12 2PY (0) 0.0
1 13 2PZ (0) 0.25741
1 14 Cl 1 IS 0.0
1 15 2S (I) 0.0
1 16 2PX (I) 0.0
1 17 2PY (I) 0.0
1 18 2PZ (I) 0.12333
1 19 2S (0) 0.0
120 2PX (0) 0.0
121 2PY (0) 0.0
122 2PZ (0) 0.17812
123 C 1 3 IS 0.0
124 2S (I) 0.0
125 2PX (I) 0.0
126 2PY Cl) 0.0
127 2PZ (I) 0.00688
128 2S (0) 0.0
129 2PX (0) 0.0
130 2PY (0) 0.0
131 2PZ (0) 0.0 1400
132 H 1 31 IS (I) 0.00664
133 IS (0) 0.00906
134 HI 32 IS (I) -0.00664
135 IS (0) -0.00906
136 C 1 4 IS 0.0
137 2S (I) 0.0
138 2PX (I) 0.0
139 2PY (I) 0.0
140 2PZ (I) 0.00688
141 2S (0) 0.0
142 2PX (0) 0.0
143 2PY (0) 0.0
144 2PZ (0) 0.01400
2 1 2
145 H 1 4 1 IS (I) 0.00664
146 IS CO) 0.00906
147 H142 IS Cl) -0.00664
148 IS CO) -0.00906
149 C 1 2 IS 0.0
150 2S Cl) 0.0
151 2PX Cl) 0.0
152 2PY Cl) 0.0
153 2PZ Cl) 0.12333
154 2S CO) 0.0
155 2PX CO) 0.0
156 2PY CO) 0.0
157 2PZ CO) 0.17812
158 C2 IS 0.0
159 2S Cl) 0.0
160 2PX Cl) 0.0
161 2PY Cl) 0.0
162 2PZ Cl) 0.18125
163 2S CO) 0.0
164 2PX CO) 0.0
165 2PY CO) 0.0
166 2PZ CO) 0.25741
167 C21 IS 0.0
168 2S Cl) 0.0
169 2PX Cl) 0.0
170 2PY Cl) 0.0
171 2PZ Cl) 0.12333
172 2S CO) 0.0
173 2PX CO) 0.0
174 2PY CO) 0.0
175 2PZ CO) 0.17812
176 C23 IS 0.0
177 2S Cl) 0.0
178 2PX Cl) 0.0
179 2PY Cl) 0.0
180 2PZ Cl) 0.00688
181 2S CO) 0.0
182 2PX CO) 0.0
183 2PY CO) 0.0
184 2PZ CO) 0.01400
185 H231 IS Cl) 0.00664
186 IS CO) 0.00906
187 H232 IS Cl) -0.00664
188 IS CO) -0.00906
189 C24 IS 0.0
190 2S Cl) 0.0
191 2PX Cl) 0.0
192 2PY Cl) 0.0
2 1 3
193 2PZ (I) 0.00688
194 2S (0) 0.0
195 2PX (0) 0.0
196 2PY (0) 0.0
197 2PZ (0) 0.01400
198 H241 IS (I) 0.00664
199 IS (0) 0.00906
200 H242 IS (I) -0.00664
201 IS CO) -0.00906
202 C22 IS 0.0
203 2S (I) 0.0
204 2PX (I) 0.0
205 2PY (I) 0.0
206 2PZ (I) 0.12333
207 2S (0) 0.0
208 2PX (0) 0.0
209 2PY (0) 0.0





The crystal structure of MoCCO)4(Ct9 N 3 H 3 t) has been 
reported in chapter II. The Mo-CO and C-0 bond lengths 
are normal. The organic ligand is bidentate and has a 
weaker trans effect than a CO group. There is a long 
molybdenum-to-pyridyl nitrogen bond (Mo-NI), and the 
N1-Mo-N2 angle is normal. One of the two imino groups was 
slightly deformed, having a longer C-N bond as a result of 
the coordination to the Mo atom.
The bond lengths and angles in the crystal structure 
in Ir(TCM)(CO)(PPh3)z •^C6H6, reported in chapter III, are 
comparable to previous values reported by Witt. On the 
basis of a proposed SDPBD bonding model and the results 
from quantum mechanical calculations, we conclude that the 
TCM anion, when complexed to Ir, has an excited state 
pyramidal geometry.
The crystal structure of 0s(C2H 4)2(HMB) has been 
discussed in chapter IV. The geometry of HMB is distorted 
from D 6h symmetry toward C2 symmetry because of the dir-pir* 
back-bonding interaction. The two ethylene groups are 
also deformed from idealized D 2h geometry. The 
deformations are large, indicating that the dn-p7T* 
back-bonding between Os and the ethylene groups is strong.
In chapter V, we described the crystal structure of a 
non-superconducting phase of (ET)2AuI2. The bond lengths 
and angles for ET are normal and comparable to those found
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in other ET salts. The Au-I bond length average of 
02.422(3) A is, however, significantly shorter than the
value found in its superconducting phase (Au-I = 2.5160(6) 
0A) .
Similar to other ET salts, the ET molecules in this
crystal touch side-by-side through short S-S contact
0distances (distances less than 3.60 A). However, the 
packing model is different from that found in the 
superconducting phase. In addition, the ET molecules form 
one-dimensional "ribbons" instead of the usual two- 
dimensional corrugated sheet networks.
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APPENDIX A 





Crystals of triclinic (ET)2AuI2 were produced by 
Professor R. J. Gale's research group using eletro- 
crystal1ization methods1-2. A crystal was mounted on the 
Enraf-Nonius CAD4 automated diffractometer. Twenty-five 
reflections were located by program SEARCH. Program INDEX 
was used to index these reflections. However, the results 
suggested that these reflections were not from a single 
crystal, but instead belonged to a twinned crystal (18 
reflections from the major component and 6 reflections 
from its twin). The two orientation matrices (listed in 
table A-1), show that the twin mechanism is approximately 
two-fold about the c* axis. A preliminary unit cell was 
calculated using only the 18 major reflections. Based on 
this cell, another 25 high angle reflections (theta from
11.5° to 12°) were carefully centered and least squares 
analysis produced precise unit cell constants. The 
crystal data (table A-2) revealed that this was a new 
phase of (ET)2AuI2. Therefore, the data were collected, 
and data reduction and analysis were performed using SDP3.
SOLUTION OF THE STRUCTURE
The Au atoms were positioned on the center of 
inversion in the space group PT, and all other 
non-hydrogen atoms were located in Fourier difference
2 2 9
maps. All positional and thermal parameters were refined 
by least squares methods using SHELX764. The final R 
values (R=0.129 and wR=0.t95) are large and the observed 
structure factors are systematically higher than the 
calculated values (table A-3). This Indicated that some 
of the reflections were contaminated by the twin lattice.
RESOLUTION OF TWINNED REFLECTIONS
We decided to attempt to eliminate these systematic 
errors from the measurements rather than to try to grow an 
untwinned crystal. A FORTRAN computer program, TWIN, was 
developed to resolve the twinned reflections. Using the 
two orientation matrices, the indices of all reflections 
from both components were converted to coordinates in the 
same orthogonal reciprocal coordinate system. The 
equation is
Cl h
C2 = R • k
C3 1
where R is the orientation matrix. The distances between 
each reflection (C00RD1) from the main crystal and every 
reflection (C00RD2) from the twin crystal were calculated. 
A distance criterion (RADIUS) was introduced to be the 
maximum value of a*, b * , or c*. If the distance between 
COORD 1 and C00RD2 was less than RADIUS, it was Judged that 
the measured intensity was probably contaminated by its
230
twin reflection and was eliminated. A total of 19 
reflections was thus eliminated.
Several cycles of least squares were carried out 
using this new set of reflections. However, the resulting 
R values (R=0.120, wR=0.175) still indicated that some 
systematic errors remained. Therefore, it was decided to 
abandon this data set pending the future synthesis of 
better crystals.
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Table A-2 Crystal data
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h k 1 Fo Fc |Fo-Fc|/SIGMA
2 1 0 19.90 7.20 3. 13
1 1 0 46.30 26.92 2.25
0 8 0 35.80 13.37 3.24
3 -6 1 40.76 20.23 2.61
0 -4 1 96.97 59.98 2.06
3 -2 1 98.43 12.23 4.72
1 -1 1 41 .63 23.28 2.35
2 -1 1 27.34 14.29 2.49
0 0 1 46.81 74.05 3. 16
2 1 1 16.91 6.38 2.89
1 1 1 41 .27 25.25 2.09
1 3 1 35.21 20.41 2.21
0 -4 2 115.92 59.24 2.65
3 -2 2 68.97 9.22 4.64
1 -I 2 14.58 6. 16 2.82
3 0 2 30 .40 15.52 2.52
1 - 1 2 22.38 6.88 3.71
3 2 2 127.59 63.46 2.72
0 4 2 166.96 91 .73 2.44
6 -4 3 32.23 17.19 2. 1 1
1 -3 3 29. 16 15. 10 2.56
3 -2 3 138.53 74.32 2.51
1 -! 3 20.41 34.97 3.75
1 1 3 15.68 7.99 2.54
4 5 3 34. 19 19.28 2.29
1 9 3 25.66 9.46 2.85
3 -10 4 22.60 7. 16 2.39
2 -6 4 21 .07 7.44 2.87
1 1 4 39.44 56.81 2.36
4 -1 5 36.67 20.71 2.20
6 0 5 48.63 10.68 3.98
4 1 5 24.72 9. 14 2.91
1 1 5 43.60 15.95 3.40
1 2 5 8.89 16.30 2.64
3 -6 6 105.72 58.74 2.39
1 -3 6 14.44 7.33 2.04
3 -3 6 26.25 38.38 2.30
0 -2 6 35.87 15.46 3.05
1 -1 6 23.48 1 1 .82 2.62
6 0 6 42.00 24.72 2.07
2 1 6 18.74 8.08 2.82
1 1 6 18.88 30.53 3.23
3 1 6 37.69 21 .46 2.24
1 2 6 18.23 7.77 2.94
0 8 6 25.59 11.21 2.65
3 -6 7 48.56 21 .97 2.92
0 -4 7 87.49 48.67 2.39
3 -2 7 62.34 35.65 2.28
Table A-3 Deviations Greater Than 2 Sigma
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0 2 7 24
1 -9 8 22
2 -4 8 23
0 -3 8 32
3 -2 8 1 1 1
6 4 8 21
0 -4 9 145
6 0 9 20
3 2 9 39
0 4 9 54
3 6 9 15
0 -8 10 34
2 -5 10 18
3 2 to 51
0 8 10 17
4 -5 11 21
0 -1 11 15
3 -6 12 57
3 -3 12 38
3 -2 12 34
0 0 12 24
5 1 12 37
1 3 12 40
1 -7 13 32
4 -5 13 31
3 -3 13 16
1 -2 13 35
1 2 13 35
2 -7 14 39
1 -4 14 14
3 -2 14 55
2 -2 14 24
1 5 14 19
0 -4 15 36
1 -3 15 64
3 -3 15 26
3 -2 15 30
2 1 15 52
0 4 15 33
2 -5 16 28
1 -5 16 44
4 1 16 28
0 -4 18 39
2 -1 18 23
0 1 18 40
3 2 18 18
1 1 .80 2.76
7.30 2.77
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C THIS PROGRAM CALCULATES THE OVERLAPPING RECIPROCAL SPACE LATTICES 
C OF A TWINNED CRYSTAL 
C THE INPUTS ARE AS FOLLOW:
C ( 1 )  X-RAY WAVELENGTH AND SCAN PARAMETERS IN FREE FORMAT
C ( 2 )  ORIENTATION MATRIX AND REFLECTIONS IN FREE FORMAT
C ( 3 )  SECOND ORIENTATION MATRIX BEHIND A BLANK LINE
C ( 4 )  A BLANK LINE
C FOR EACH ORIENTATION MATRIX, CONVERT INDICES INTO ORTHOGONAL 
C COORDINATES.
C CALCULATE THE RADIUS OF A SPHERE ABOUT EACH REFLECTION USING THE 
C SET OF FIRST ORIENTATION MATRIX. COMPARE THE DISTANCE BETWEEN 
C THE REFLECTION IN THE FIRST SET AND EVERY REFLECTION' IN THE 
C SECOND SET. IF  THE DISTANCE IS  SHORTER THAN RADIUS, THEN REJECT 
C THE REFLECTION IN THE FIRST SET. FINALLY, OUTPUT ALL REFLECTIONS 
C WHICH HAVE BEEN KEPT (AND REJECTED) SEPARATELY IN SHELX FORMAT.
C




C NUMIND(I) -  TOTAL #  OF REFLECTIONS FOR MATRIX(I)
C LAMBDA -  WAVELENGTH OF X-RAY RADIATION
C DOMA, DOMB -  PARAMETERS USED TO CALCULATE SCAN ANGLES
C C O O R D (I ,J ,1 )  =  X I N D E X ( I , J , 1 )  =  H
2 3 7
C C O O R D (I ,J ,2 )  =  Y I N D E X ( I ,J ,2 )  =  K
C C 0 0 R D ( I , J ,3 )  =  X I N D E X ( I ,J ,3 )  =  L
C IN T E N (I, J , 1 )  =  REFLECTION INTENSITY
C I N T E N ( I , J ,2 )  =  STANDARD DEVIATION OF INTENSITY
C IR E T A N (I ,J ,K )  -  ARRAY USED TO STORE RETAINED INDICES
C R E T A IN (I ,J ,K )  -  ARRAY USED TO STORE RETAINED REFLECTIONS
C I R E J E C (I ,J ,K )  -  ARRAY USED TO STORE REJECTED INDICES
C R E J E C T (I ,J ,K )  -  ARRAY USED TO STORE REJECTED REFLECTIONS
C
INTEGER NUMIND(2), INDEX(2 , 1 0 0 0 0 , 3 ) ,  IRETAN(1 0 0 0 0 , 3 ) ,
*  IREJEC(1 0 0 0 0 , 3 )
REAL LAMBDA, RADIUS
REAL MATRIX(2,3 , 3 ) ,  IN T E N (2 ,1 0 0 0 0 , 2 ) ,  COORD(2,1 0 0 0 0 , 3 ) ,
*  RETAIN(1 0 0 0 0 , 2 ) ,  REJECTC1 0 0 0 0 , 2 )
10 0 0  FORMAT ( 1l ’ / / / , 2 X , ' TOTAL ' , 1 5 , '  REFLECTIONS K E P T ' / / / )
2 0 0 0  FORMAT ( 11 1/ / / , 2 X , 1 TOTAL'1 , 1 5 , ’ REFLECTIONS REJECTED1/ / / )
3 0 0 0  FORMAT ( I X , 1 3 , I X , 1 3 , I X , 1 3 , I X , F 7 . 2 , I X , F 7 . 2 )
4 1 0 0  FORMAT ( 2 X , / / / 1 LAMBDA = ’ , F 1 0 . 5 , / / )
4 2 0 0  FORMAT ( 2 X , ’ ORIENTATION MATRIX ’ , 1 2 / )
4 3 0 0  FORMAT ( 2 X , 3 F 1 2 . 8 / )
I
4 4 0 0  FORMAT ( 3 2 X , 1 COORDINATES1/ , 1 5 X , ’ MATRIX11 , 2 6 X , ’ MATRIX2’ / )  
4 5 0 0  FORMAT ( 2 X , 6 F 1 2 . 8 / )
4 6 0 0  FORMAT ( 2 X , 3 I 1 2 )
4 7 0 0  FORMAT ( / / / , 2 X , ’ A* =  ’ , F 1 2 . 8 /
1 2 X , ’ B* =  1 , F 1 2 . 8 /
2 2 X , ’ C* =  1 , F 1 2 . 8 /
2 3 8
3 2X,'RADIUS = \F12.8/)
C
R E A D (5 ,* )  LAMBDA 
W R IT E (6 ,4 1 0 0 )  LAMBDA 
C READ IN ORIENTATION MATRICES INDICES 
DO 10 I =  1 ,  2 
W R IT E (6 ,4 2 0 0 )  I 
DO 20 J  =  1 ,  3
R E A D (5 ,* )  (M A T R IX (I jJ ,K ) , K = l , 3 )
W R IT E (6 ,4 3 0 0 )  ( M A T R I X (I ,J ,K ) , K = l , 3 )
20  CONTINUE
DO 30 J  =  1 ,  1 0 0 0 0 0
READC5,*) ( I N D E X ( I , J , K ) , K = l , 3 ) ,  ( I N T E N ( I , J , K ) , K = l , 2 )  
IF  ( I N D E X ( I ,J ,K ) .E Q .O  .AND. I N D E X ( I ,J , K - 1 ) . E Q . 0 .AND.
1 I N D E X ( I ,J ,K - 2 ) .E Q .O )  GOTO 40
30  CONTINUE
4 0  CONTINUE
C
C TOTAL #  OF INDICES FOR ORIENTATION MATRIX(I)
C
NUMIND(I) =  J  -  1 
10 CONTINUE
C
C CONVERT INDICES TO COORD'S IN REFERENCE COORDINATE SYSTEM 
C
DO 110 I = 1, 2
2 3 9
DO 112 J  =  1 ,  NUMIND(l)
DO 113  K =  1 ,  3 
TEMP = 0 . 0  
DO 114 L =  1 ,  3
TEMP = TEMP + M ATRIX(I,K ,L) *  IN D E X (1 ,J ,L )
1 1 4  CONTINUE




WRITE ( 6 , 4 4 0 0 )
DO 1110  IH =  1 ,  1 0 0 ,  2
WRITE ( 6 , 4 6 0 0 )  (INDEX(1 , I H , I K ) , I K = 1 ,3 )
WRITE ( 6 , 4 5 0 0 )  (COORD(1 , I H , I K ) , C O O R D (2 ,IH ,IK ), I K = 1 ,3 )
11 1 0  CONTINUE
DO 1120  IH =  1 0 0 0 ,  1 5 0 0 ,  5
WRITE ( 6 , 4 6 0 0 )  ( I N D E X ( 1 , I H ,I K ) ,  I K = 1 ,3 )
WRITE ( 6 , 4 5 0 0 )  (COORD(1 , I H , I K ) , C O O R D (2 ,IH ,IK ), I K = 1 ,3 )
1 1 2 0  CONTINUE
C
C
AINV = 0 . 1 8 1 2 4 4  
BINV =  0 . 1 1 3 8 4 3  
CINV = 0 . 0 6 1 8 2 9
RADIUS =  AMAX1(AINV, BINV, CINV)
W R IT E (6 ,4 7 0 0 )  AINV, BINV, CINV, RADIUS
2 4 0
C
C FOR EACH REFL'N IN COORD(1 , J , K ) , CALCULATE THE DISTANCE(R) BETWEEN 
C THE REFL'N AND EVERY REFL'N IN OTHER C OORD(I,J ,K) WHERE I  <> 1 
C
L =  1 
M =  1
DO 2 0 0  1 = 1 ,  NUMIND(l)
DO 2 0 1  J  =  1 ,  NUMIND(l)
R =  SQRT ( (COORD(1 , I , 1 ) - C 0 0 R D ( 2 , J , 1 ) ) *
1 - (COORD(1 , 1 , 1 ) -COORD( 2 , J , 1 ) )  +
2 (COORD(1 , I , 2 ) - C 0 0 R D ( 2 ,J , 2 ) ) *
3 ( COORD( 1 , 1 , 2 ) -COORD( 2 , J , 2 ) )  +
4  (COORD(1 , I , 3 ) - C 0 0 R D ( 2 ,J , 3 ) ) *
5 (COORD(1 , I , 3 ) -C 0 0 R D (2 , J , 3 ) )  )
C
C COMPARE RADIUS AND DISTANCE(R) CALCULATED IN PRECEEDING SETP.
C
IF  (R .LE. RADIUS) GO TO 202  
2 0 1  CONTINUE
C
C KEEP THE REFL'N IF  NO DISTANCE(R) < RADIUS 
C
DO 203  K =  1 ,  3
IRETAN(L,K) =  IN D E X (1 ,I ,K )
2 0 3  CONTINUE
DO 204 K = 1,2
241
RETAIN(L,K) =  I N T E N ( 1 ,I ,K )
2 0 4  CONTINUE 
L =  L +  1 
GO TO 200
C
C REJECT THE REFL'N IF  ANY DISTANCE(R) < RADIUS 
C
2 0 2  CONTINUE
DO 205  K =  I ,  3
IREJEC(M,K) =  I N D E X (1 ,I ,K )
2 0 5  CONTINUE
DO 2 0 6  K =  1 ,  2
REJECT(M,K) =  I N T E N ( 1 ,I ,K )
2 0 6  CONTINUE 
M = M + 1
2 0 0  CONTINUE
C
C PRINT OUT THE FINAL RESULT IN SHELX FORMAT 
C
W R IT E (3 ,1 0 0 0 )  L - l  
DO 3 0 0  1 = 1 ,  L - l
W R ITE (3 ,3 0 0 0 )  ( I R E T A N (I ,K ) ,  K = l , 3 ) ,  ( R E T A I N (I ,K ) , K = l , 2 )  
3 0 0  CONTINUE
W R IT E (6 ,2 0 0 0 )  M -l  
DO 3 0 1  1 = 1 ,  M - l
W R ITE (6,3 0 0 0 )  ( I R E J E C ( I ,K ) ,  K = l , 3 ) ,  ( R E J E C T (I ,K ) , K = l , 2 )
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In order to understand the electronic and 
spectroscopic properties of organic superconductors, ab 
initio quantum mechanical calculations were carried out on 
tetramethyltetraselenafulvalene (TMTSF(I), C 10Hi2Se«) 
salts in collaboration with Professor Brener of the LSU 
Physics Department. It is expected that the resulting MO 
coefficients wiil be further used in band calculations and 
that the resulting orbital energies can be correlated with 
future experimental results.
QUANTUM MECHANICAL CALCULATION
A model of neutral TMTSF with idealized D 2h symmetry 
was derived from the crystal structure of (TMTSF)2C1041.
A series of Huzinaga basis sets2 for selenium was appiied 
to the TMTSF system using the GAUSSIAN82® program on the 
LSU IBM308I and IBM3084QX computers. However, these basis 
sets either would not converge or they exceeded the 
program limitations (table B-1). In addition, each of 
these calculations was very time-consuming. Thus, a 
program that could incorporate a larger basis set and that 
was implemented on a lager, faster computer was deemed
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necessarf for this type of calculation.
An MO package4 that can utilize approximately 500 
basis functions of each symmetry type has been implemented 
on a large Cray computer located at Cray Research Inc., 
Mendota Heights, Minnesota, by Professor Brener of the LSU 
Department of Physics and Astronomy. These facilities 
were accessed via telecommunications lines and applied to 
the TMTSF system. Only Hartree-Fock level calculations 
were carried out due to the extreme size of this system. 
The MINI-42 basis set for selenium and Pople's 6-31G® 
basis sets for carbon and hydrogen were used in all 
calculations.
The results of these calculation imply taht the HOMO 
is primarily comprised of 4p orbitals from the four Se 
atoms and 2p orbitals from the six carbon atoms in the two 
rings. The orbital coefficients are listed in table B-2.
A 3-dimensional density map, which is drawn by locally 
modified program MOPLOT*, is shown in figure B-1. Some 
directed transitions between orbitals below the HOMO and 
above the LUMO were calculated (table B-3). However, when 
compared to the experimental results of Musselman7 (table 
B-4) the calculated values are too high. This is probably 
because at the Hartree-Fock level the virtual orbital 
energies are over— estimated. A more complete calculation, 
including configuration interaction, which would produce 
better estimates of virtual orbital energies, is not
possible with the current generation of computers. 
Attempts to scale the experimental and calculated results 
have been unsuccessful.
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Figure B-1 Electron Density Map of b tu Orbital 
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Table B-1 Basis Sets tested in GAUSSIAN82 for 
an Idealized TMTSF Neutral Molecule
Orbital Symmetry -
1 Set 1 t s 0 . 0 0 0 0 0
Set 1 2s 0 . 0 0 0 0 0
Se 1 1 3s 0 . 0 0 0 0 0
Se 1 1 4s 0 . 0 0 0 0 0
Set 1 2x 0 . 0 0 0 0 0
Set 1 2y 0 . 0 0 0 0 0
Set t 2z 0.04607
Set 1 3x 0 . 0 0 0 0 0
Set 1 3y 0 . 0 0 0 0 0
Set 1 3z -0.14471
Set 1 4x 0 . 0 0 0 0 0
Set 1 4y 0 . 0 0 0 0 0
Se 1 t 4z 0.487 t 3
SE 1 1 3xx 0 . 0 0 0 0 0
SE 1 1 3yy 0 . 0 0 0 0 0
SE1 t 3zz 0 . 0 0 0 0 0
SE 1 1 3xy 0 . 0 0 0 0 0
SE 1 1 3xz -0.00041
SE 1 t 3yz -0.00794
2 Set 2 I s 0 . 0 0 0 0 0
Set 2 2s 0 . 0 0 0 0 0
Se 1 2 3s 0 . 0 0 0 0 0
Set 2 4s 0 . 0 0 0 0 0
Set 2 2x 0 . 0 0 0 0 0
Set 2 2y 0 . 0 0 0 0 0
Se 1 2 2z 0.04607
Set 2 3x 0 . 0 0 0 0 0
Se 1 2 3y 0 . 0 0 0 0 0
Set 2 3z -0.1447 t
Se 12 4x 0 . 0 0 0 0 0
Set 2 4y 0 . 0 0 0 0 0
Set 2 4z 0.487 13
Set 2 3xx 0 . 0 0 0 0 0
SE 1 2 3yy 0 . 0 0 0 0 0
SE t 2 3zz 0 . 0 0 0 0 0
SE t 2 3xy 0 . 0 0 0 0 0
SE 12 3xz -0.00041
SE 12 3yz 0.00794
3 Se21 t s 0 . 0 0 0 0 0
Se21 2s 0 . 0 0 0 0 0
Se21 3s 0 . 0 0 0 0 0
Se21 4s 0 . 0 0 0 0 0
Se21 2x 0 . 0 0 0 0 0
Se21 2y 0 . 0 0 0 0 0
Se2t 2z 0.04607
Se21 3x 0 . 0 0 0 0 0
Table B-2 HOMO Coefficients of Idealized TMTSF
Se2 1 3y 0 . 0 0 0 0 0
Se2 1 3z -0.14471
Se2 1 4x 0 . 0 0 0 0 0
Se21 4y 0 . 0 0 0 0 0
Se2l 4z 0.48713
Se21 3xx 0 . 0 0 0 0 0
Se21 3yy 0 . 0 0 0 0 0
Se21 3zz 0 . 0 0 0 0 0
Se21 3xy 0 . 0 0 0 0 0
Se21 3xz 0.00041
Se21 3yz -0.00794
Se22 Is 0 . 0 0 0 0 0
Se22 2s 0 . 0 0 0 0 0SeZZ 3s 0 . 0 0 0 0 0
SeZZ 4s 0 . 0 0 0 0 0
SeZZ 2x 0 . 0 0 0 0 0SeZZ 2y 0 . 0 0 0 0 0SeZZ 2z 0.04607
SeZZ 3x 0 . 0 0 0 0 0
SeZZ 3y 0 . 0 0 0 0 0SeZZ 3z -0.14471
SeZZ 4x 0 . 00000
SeZZ 4y 0 . 0 0 0 0 0SeZZ 4z 0.48713SeZZ 3xx 0 . 0 0 0 0 0
SeZZ 3yy 0 . 0 0 0 0 0SeZZ 3zz 0 . 0 0 0 0 0SeZZ 3xy 0 . 0 0 0 0 0
SeZZ 3xz 0.00041SeZZ 3yz 0.00794
Cl Is 0 . 0 0 0 0 0
Cl 2s CI) 0 . 0 0 0 0 0
Cl 2x (I) 0 . 0 0 0 0 0
Cl 2y (I) 0 . 0 0 0 0 0
Cl 2z (I) -0.23068
Cl 2s (0) 0 . 0 0 0 0 0
Cl 2x (0) 0 . 0 0 0 0 0
Cl 2y (0) 0 . 0 0 0 0 0
Cl 2z(0) -0.21941
Cl 1 1 s 0 . 0 0 0 0 0
Cl 1 2s (I) 0 . 0 0 0 0 0
Cl 1 2x (I) 0 . 0 0 0 0 0
Cl 1 2y (I) 0 . 0 0 0 0 0
Cl 1 2z (I) -0.13415
Cl 1 2s (0) 0 . 0 0 0 0 0
Cl 1 2x(0) 0 . 0 0 0 0 0
Cl 1 2y (0) 0 . 0 0 0 0 0
Cl 1 2z (0) -0.12897
Table B-2 Cont'd
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C12 2s (I
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8 C 1 3 1 s
C 13 2s (I
C 1 3 2x (I




C 1 3 2s (0
C 1 3 2x (0




9 H 1 3 1 1s(I
H 131 1s(0
10 HI 32 1s(I
HI 32 ls(0
1 1 HI 33 IsCI
HI 33 IsCO
12 C 1 4 1 s
C 1 4 2s (I
C 1 4 2x(I




C 1 4 2s CO
C 1 4 2x CO




13 H 1 4 1 IsCI
H 1 41 IsCO
14 HI 42 IsCI
HI 42 IsCO
15 HI 43 IsCI
HI 43 IsCO
16 C2 1 s
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Orbital Transitions Polarization Energies (cm-1)
b 1 u — > ag 2 72664
b 1 u — > b2g X 82149
b 1 u — > b3g Y 83089
b2g — > b3u Z 101395
b2g — > Au Y 101882
au — > b2g Y 109010
au — > b3g X 109950
b3g — > au X 115293
b 1 g — > b3u Y 110327
big — > au Z 119813
Table B-3 Calculated Transition Energies
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Table B-4 Experimental Tansition Energies7
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